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Safety  Shoes 

The  following  was  extracted  from  the  National  Safety  Coiincil's  publication, 
"Industrial  Supervisor." 

talk  today  is  aimed  at  the  fellows  who  have  never  had  a bad  foot 
injury.  Anyone  who  has  had  one  knows  very  well  that  he  wants  no  more 
of  the  same.  It's  bad  enough  to  smash  a toe.  That  combines  the  ;>aln 
of  broken  bones  and  bruised  flesh.  Probably  few  people  realize  how 
important  toes  are  in  walking  or  even  in  just  standing.  Anyone  who 
loses  a toe  or  two,  particularly  a big  toe,  finds  out  that  it  makes 
a whale  of  a difference.  That  foot  just  doesn't  do  as  good  a job. 

It's  more  likely  to  slip  or  stiomble.  It  tires  more  quickly — its  shoe 
doesn't  fit  so  well — its  spring  is  gone.  The  really  bad  foot  injuries 
are  those  where  the  arch  is  broken-  The  bones  may  be  broken  or  the 
ligaments  that  hold  them  in  place  may  be  torn,  or  both.  That  kind  of 
thing  is  terribly  painful,  and  a cure  comes  hard.  Nature  used  a lot  of 
bones  and  ligaments  and  muscles  in  making  the  human  foot.  They  are  all 
fitted  together  just  so.  When  that  arch  is  smashed,  even  the  most 
highly  skilled  surgeon  has  a tough  job  to  put  the  pieces  back  together 
so  it  will  work  at  all.  Sometimes  he  can't.  Then  the  question  is: 
"Shall  I drag  through  life  with  a practically  useless  foot,  or  would 
a peg  foot  be  better"?" 
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Why  do  so  many  fellows  take  chances  with  their  feet?  There's  no  way  of  telling 
how  many  do,  but  it  seems  like  it  must  be  nearly  everybody  who  works — there  are 
so  many  foot  in,1\iries.  In  1955,  over  two  hundred  thousand  workers  were  tempo- 
rarily or  pennanently  disabled  by  foot  and  toe  injuries.  Those  were  only  the 
guys  who  didn't  get  away  with  the  chances  they  took.  Some  of  you  may  call  me  on 
my  saying  that  all  those  fellows  took  chances.  You'd  be  right,  but  only  for  a 
very  few  cases.  Except  for  a few  rare  happenings,  the  fellows  who  got  hurt 
could  have  avoided  it — and  very  simply.  They  could  have  avoided  foot  injuries 
mostly  by  the  proper  attitude  of  mind — one  might  call  it  safety  mindedness  aimed 
at  the  feet. 

What  would  a workman  with  that  attitude  of  mind  do?  First  of  all,  he'd  take 
care  that  his  shoes  fit  well.  He'd  wear  only  good  solid  shoes,  and  he'd  keep 
them  i»  good  condition.  No  badly  worn  soles,  no  run  down  heels.  He'd  have 
rubber  heels,  of  course.  They  cushion  the  Jolt  of  fast  walking  on  hard  floors. 
Next  he'd  study  the  foot  hazards  of  his  Job.  What  could  fall  on  his  feet,  and 

where?  On  what  Job  might  a fumble  allow  something  to  drop  on  his  feet?  On 

what  work  might  he  get  a foot  caught  under  something,  for  example,  in  using  a 
pry  bar  or  crow  bar?  Any  chance  of  having  a foot  run  over  by  a hand  or  power 

truck?  The  list  is  almost  endless.  The  point  is  that  almost  any  Job  in  or  about 

almost  every  plant,  offers  some  hazard  to  feet.  A foot-safety-minded  person 
would  look  for  these  hazards. 

Then  what  would  he  do?  You  know  the  answer  as  well  as  I do.  He'd  go  to  safety 
shoes.  He'd  not  wear  any  other  kind  on  the  Job.  And  since  safety  shoes  that 
fit  Just  as  well  and  look  Just  as  good  as  the  unsafe  kind  are  available,  he'd 
wear  them  all  the  time,  everywhere.  Well,  not  quite — he'd  have  another  pair 
for  dancing  and  church,  and  still  another  kind  for  bowling.  But  you  get  igy  point. 
Safety  shoes  would  be  standard  with  him.  Some  guys  are  full  of  excuses  for  not 
wearing  safety  shoes.  They  STirely  throw  some  sour  ones.  Probably  the  souirest 
is  to  be  afraid  of  that  steel  toe  cap — that  it  might  get  smashed  down  onto  their 
toes.  The  answer  to  that  one  is  that  anything  heavy  enough  to  do  that  would 
smash  those  toes  to  a pulp  except  for  the  toe  cap.  It's  a great  toe  saver. 

Anyway,  "the  proof  of  the  pudding  is  in  the  eating."  The  record  books  prove 
that  the  men  who  wear  safety  shoes  have  practically  no  foot  injuries. 

Wear  foot  protection  and  keep  your  feet  safe. 

This  item  should  be  discussed  at  safety  meetings,  then  posted  on  the  bulletin 
board.  APCI  contributes  $2  toward  the  purchase  of  safety  shoes  for  employees. 

It  is  urged  that  employees  take  advantage  of  our  safety  shoe  program. 
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1.  PURPOSE 


RESPIRATORY  PROTECTIVE  EQUIPMENT 


This  standard  establishes  the  criteria  for  the  selection  and  purchase  of 
approved  respiratory  protective  equipment, 

2.  SCOPE 


This  standard  applies  at  all  APCI  facilities  unless  otherwise  specified 
in  the  facility  safety  equipment  list, 

3.  GENERAL 

Air  Products  and  Chemicals,  Inc,  activities  involve  a great  many  areas 
where  respiratory  hazards  are  present  or  potentially  present;  in  order 
to  protect  personnel  from  these  hazards  various  forms  of  respiratory 
protective  equipment  are  needed,  A basis  for  all  respiratory  protection 
is  the  U,  S.  Bureau  of  Mines,  and  all  equipnent  purchased  must  meet  their 
specifications. 

The  following  is  a guide  of  respiratory  hazards  which  require  protective 
equipment;  they  may  occur  singly  or  in  any  combination: 

A.  NUISANCE  DUSTS  - Generated  by  handling  materials  such  as  coal, 
ashes,  feed,  flour,  cement,  sawdust,  etc,,  are  neither  poisonous 
nor  capable  of  producing  fibrous  tissue  in  the  Ivings,  yet  are 
discomforting  nuisances  to  be  avoided.  They  may  become  dangerous 
if  associated  with  colds,  bronchitis,  pneumonia  or  tuberculosis, 

B.  PNEUMOCONIOSIS,  PRODUCING  DUSTS  AND  MISTS  - These  convert  and  de- 
generate healthy  spongy  lung  tissue  into  useless  fibrous  or  scar 
tissue.  Silicosis  is  the  commonest  type  of  this  disease,  caused 

by  mineral  dusts  and  mists  containing  free  silica  (sandstone,  flint, 
quartz,  chert,  or  agate).  Asbestoses  is  a related  disease  from 
asbestos  dusts  (serpentine,  chrysotile.) 

C.  TOXIC  DUSTS  - These  are  body  poisoning  dusts  originating  in  the 
handling  of  inherently  poisonous  materials  such  as  lead,  arsenic 
chromiiun,  mercury,  or  their  compounds.  Whether  inhaled  through 
the  nose  and  lungs  or  ingested  through  the  mouth  and  stomach, 
these  dusts  dissolve  and  enter  the  blood  stream  to  produce  injury 
to  many  of  the  organs  of  the  body, 

D.  MISTS  - Mists  are  wet  fog-like  oil  or  water  droplets  containing 
toxic  or  lung  damaging  particles  suspended  in  them.  They  may 
be  formed  in  the  process  of  spray  coating  with  paints,  viterous 
enamels,  and  glazes,  A common  and  partic.uJ.arly  harmful  type  is 
chromic  acid  mist  produced  by  the  escaping  gas  bubbles  in  chromium 
plating  baths. 


Originated  By; 

Approved:  Safety  Director 

Dot* 

H , Vt.  Smith 

W,  L.  Ball 

January,  1964 

AH  mform4ijor  hcrwn  IhP  chhfldunual  ot  Air  P.oducts,  Inc.,  units*  another  source  n *ho»%n, 
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ii:iPIRATORY  PROTECTIVE  EQUIPMENT 


GrJfERAL  (Cont'd) 

E.  METALLIC  FUMES  OR  SMOKES  - These  are  solid  peo'ticles  much  finer  than 
dust  particles,  usually  generated  by  smouldering  hot  metals  or  salts, 
encoxmtered  in  smelting,  refining,  welding  and  similar  operations. 

They  are  difficult  to  retain  with  filters.  Fiomes  should  not  be  con- 
fused with  true  vapors,  which  are  at  times  misnamed  chemical  fumes. 

F.  GAS  AND  VAPORS  - These  are  molecular  particles  like  those  of  the  air 

itself.  They  are  about  a thousand  times  smaller  than  dust,  fume  and 
mist  particles.  They  pass  through  even  the  best  dust  or  metallic  fume 
filters  as  easily  as  the  air  itself.  Therefore,  they  must  be  removed 
by  an  entirely  different  mechanism:  by  surface  reaction  with  specially 

activated  chemicals  in  the  cartridge  or  canister  beds. 


4.  GUIDE  TO  RESPIRATORY  PROTECTIVE  EQUIPMENT 

Atmosphere  in  Working  Area  Contains 
Normal  Concentration  of  Oxygen  (21^) 

General  Classification 

of  Respiratoiy  Protec-  Disperseroid  Dust, 
live  Devices  Fume,  and  Mist 


Less  Than 
Normal  Oxygen 


Gas  or  Vapor  Concen- 
tration by  Volume 


Any  Concentra- 
tion of  any 

(Quantity  Not  Critical)  No  Greater  No  Greater  Contaminate 

Than  0.1^  Than  2% 


I t liter  Type  Respirator 
(Dust,  Fxane  and  Mist) 

Chemical  Cartridge 
T;rpe  Respirator 

Airline  Respirator 

Hose  Mask  With 
I'll  ectri cal  Blower 

Gas  Masks 

Hose  Mask  Without 
iJlowsr 

Hose  Mask  With  Hand- 
operated  Blower 

• ®lf-contained 
wreathing  Apparatus 


X 

X 


X 


X 


X = Safe  to  use  in  atmosphere  indicated 
0 = Safe  to  use  but  usually  not  practical 


Orig»nQt«d  lyt 

Approvodi  Saftty  Director 

Dol« 

H.  V7.  Smith 

W.  L.  Ball 

January,  1964 

I MmUw  <««•.  •*»“  '•  »>«*• 

It  I#  r*lun»  m dtnuMl  imI  rnyat  Ml  D*  disertKkI  or  r«pr«luct<l  with«y|  prior  oritlen  consont. 
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RESPIRATORY  PROTECTIVE  EQUIFTffiNT 


FILTER  TYPE  SELECTOR  TABLE  - DUST,  MIST  AND  FUME  HAZARDS 

These  units  may  be  either  the  single  or  double  type,  and  are  to  be  used 
in  areas  vrtiere  the  hazard  is  moderate  and  vriiere  the  prolonged  use  of  the 
filter  mask  -will  not  inhibit  the  users  ability  to  work  safely.  It  must 
be  noted  that  these  filters  do  not  protect  against  gases,  vapors  or  oxygen 
deficiency.  If  in  doubt,  a self-contained  breathing  unit  should  be  used. 

SYMBOL  CONTAMINANT 

N Nuisance  Dust 

A Alkaline  Dust 

M Mist 

S - Silica  Dust 

T Toxic  Dust 

F Solid  or  Liquid  Fume 

R Radioactive  or  Very  Toxic 


HAZARD 

Alkalies 
Alximinum  Powder 
Alundum  (alumina) 
Ammonium  Dicnr ornate 
Antimony  Dusts 

Arsenic  Dusts 

Asbestos 

Ashes 

Barium  Dusts 
Barium  Peroxide 

Beryllium  Dusts 
Borax  and  Boric  Acid 
Brass  Dust 
Brass  (zinc)  Fumes 
Brick  Dust 

Cadmium  Dusts 
Cadmium  Fumes 
Calcium  Carbide 
Caurborundum 
Caustic  Potash 


HAZARD 

TYPE 

Caustic  Soda 

A 

Cellulose  (cotton,  wood) 

N 

Cement  and  Concrete 

S 

Cnarcoal  (carbon) 

N 

Chrome  Pigments 

T 

Chromic  Acid  (mist) 

M 

Chromium  Dusts 

T 

Clay  (kaolin) 

N 

Coal  and  Coke 

N 

Cobalt  Dusts 

T 

Copper  Dusts 

N 

Cotton  Lint 

N 

Derris  Powders 

T 

Diethylene  Glycol 

M 

Drug  and  Dye  Powders 

T 

Emery  Paper  Dusts 

N 

Fertilizers 

N 

Ferrous  Metals 

N 

Fiberglass 

N 

Fire  Brick 

S 

Originotcd  dyi 


H.  W.  Smioh 


Approvedi  Safety  Dtrtdor 


W.  L.  Ball 


Date 

January,  1964 


AH  ln(6rmtN«n  hwtwi  l>  ttil  Mn(ldenU*l  procdfty  of  Air  l«roducU,  Inc..  unltj$  inoihw  Mure*  shown. 
U tubj«l  to  return  on  demand  end  muU  not  be  declosed  or  reproduced  wilhoul  prior  v>nucn  consent. 
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PIRATORY  PROTECTIVE  EQUIPMENT 


FILTER  TYPE  SELECTOR  TABLE  - DUST.  MIST  AND  FUME  HAZARDS  (Cont'd) 


HAZARD 

TYPE 

Flint 

S 

Flour 

N 

Fluorides 

T 

Foiindry  Dust 

S 

Grain  Dust 

N 

Granite 

S 

Graphite 

N 

Grinding  Wheel  Dusts 

s 

Gypsum 

N 

Iron  Dusts 

N 

Iron  Oxide  Fumes 

F 

Lead  Dusts 

T 

Lead  Azide 

T 

Lead  Fumes 

F 

Leather  Dust 

N 

Lime 

A 

Limestone  and  Marble 

N 

1 * * ‘ ^ L 

it 

1 Magnesium  Dusts 

N 

1 Manganese  Dusts 

T 

^ Mercury  Dusts 

T 

1 Metallic  Fumes 

F 

Mica  (crude) 

S 

’ "t’ickei  Dusts 

N 

Oxalic  Acid 

T ' 

‘erchloric  Acid  Mist 

M 

•‘hosphoric  Anhydride 

M 

'■.osphorus 

T 

•'‘.eric  Acid 

T 

O&atics  Dust 

N 

•/rtland  Cement 

S 

■'‘-aasium  Di chromate 

T 

/rethx*um 

T 

■ -irtz 

S 

■'  < Wool 

N 

HAZARD 

TYPE 

Rosin 

N 

Rotenone  Powders 

T 

Rubber  Dust 

N 

Salt 

N 

Sandpaper 

S 

Sawdust 

N 

Selenium  Dusts 

T 

Shellac 

N 

Silica  and  Silacates 

S 

Slate  and  Shale 

S 

Soap  Powders 

N 

Soapstone 

S 

Soda  Ash 

N 

Sodium  Chlorate 

N 

Sodium  Dichromate 

T 

Sodium  Floride 

T 

Sodium  Metal 

A 

k>oot 

N 

Siilfuric  Acid  Mist 

M 

Talc  (crude) 

S 

Tellurium  Dusts 

T 

Tetyrl 

T 

Thcillium  Dusts 

T 

Tin  Fumes  (metallic) 

F 

Tin  Dusts 

N 

Trinit rot  oluene 

N 

Tiuigsten  Carbide 

T 

Uranium  Dusts 

R 

Vanadium  Dusts 

R 

Welding  Fumes 

F 

Wood  Dust 

N 

Wool  Lint 

N 

Zinc  Dusts 

N 

Zinc  Fumes 

F 

Zirconitun  Dusts 

N 

NOTE;  Filters  do  not  protect  against  gases, 
vapors  or  oxygen  deficiency* 


Or(QHiot«d 

Approve  dt  Safety  Director 

Dote 

H,  W,  Smith 

W.  L.  Ball 

January,  1964 

AM  MtrivMtM  hmtm  it  Mm  proMrty  Mr  fr»diicti,  Inc..  uni«ss  inothw  wurc#  \%  shown, 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 


5.  FILTER  TYPE  SELECTOR  TABLE  - DUST,  MIST  AND  FUME  HAZARDS  (Cont'd) 

A,  Approved  manufacturers  for  U.  S.  Bureau  of  Mines  Approved 
Respirators 

(1)  Willson  Products  Company 

(2)  Mine  Safety  Appliances  Company 

(3)  Acme  Protection  Equipment  Company 

B.  Approved  vendors  for  respiratory  equipment 

(1)  Industrial  Products  Company 
2820  No  4th  Street 
Philadelphia  33 , Pa. 

(2)  Mine  Safety  Appliances  Company 
201  No  Braddock  Avenue 
Pittsbixrgh  8,  Pa, 

6.  CARTRIDGE  TYPE  SELECTOR  TABLE  - GAS  AND  VAPOR  HAZARDS 

These  respirators  are  the  non-emergency  type,  and  afford  protection  where 
there  is  daiiger  oi  chroiiic  poi&oiiing  after  repeated  or  prolonged  exposure 
to  the  following  gas  and  vapor  hazards.  All  respirators  will  be  of  the 
dual  canister  or  cartridge  type  meeting  the  U.  S.  Bureau  of  Mines  approval. 
These  respirators  are  not  a substitute  for  gas  masks,  airline  respirators 
or  local  exhaust  systems;  and  must  not  be  used  in  vapor-concentrations 
in  excess  of  0,1^  by  volume.  Should  there  be  the  slightest  doubt  as  to 
the  concentration,  a gas  mask  or  self-contained  breathing  unit  should  be 
used. 

SYMBOL 


A 

B 

C 

D 

M 


OriglnoUd  ftyi 

Approved!  Sofety  Director 

Date 

H,  W.  Smith 

W.  L.  Ball 

January,  196>4 

CONTAMINANT 

Acid  Gases 
Ammonia 
Organic  Vapors 

Organic  Vapors  and  Acid  Gases 
Mercury 


AM  Informttioo  horaon  1»  lh«  coorWanllal  property  ot  Air  Products,  Inc.,  unless  snolher  sourt;*  is  shown. 
Is  subject  lo  return  on  de.nsnd  end  must  not  be  disclosed  or  reproduced  without  prior  wniien  consent. 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 

6.  CARTRIDGE  TYPE  SEIECTOR  TABLE  - GAS  AND  VAPOR  HAZARDS  (Cont'd) 


HAZARD 


Acetaldehyde 
Acetate  Solvent a 
Acetic  Acid 
Acetic  Anhydride 
Acetone 

Add  Gases 
Alcohols 
Aldehydes 
Alkyl  Mercaptans 
Aamonla 

AJ^]rl  Acetate 
Aniline 

Benzine  (pet.  naphtha) 
Benzol  (benzene) 
Butadiene 

Butyl  Acetate 
Butyl  Alcohol  (butanol) 
Butyl  p-amino  phenol 
Carbon  Disulfide 
Carbon  Tetrachloride 

Chlorex 

Chlorinated  H3rdrocarbons 
Chlorobenzene 
Chloroform 
Chlorosxilfonic  Acid 

Cleaning  Solvents 

Cresol 

Cunene 

Dichloroethyl  Ether 
Dichlorobonzine 

Dioxane 

Epichlorohydrln 

Esters 

Ethers 

Ethyl  Acetate 


HAZARD 


Ethyl  Chloride 
Ethyl  Ether 
Ethylene  Dichloride 
Ethylene  Oxide 
Formaldeh^e 

Furfiural 

Gasoline 

Hydrochloric  Acid 
Hydrogen  Chloride 
Mercury  Metal 

Methyl  Alcohol  (methanol) 
Methyl  Bromide 
Methyl  Chloroform 

(trichloroethane) 

Napthalene 

Naptha  (petroleum) 

Nitrobenzene 

Nitroparaffins 

Organic  vapors-acid  gases 

Paint,  thiimers,  solvents 

Paraformaldehyde 
Perchloroethylene 
Petroleum  Vapors 
Phenol 
I^idlne 

Styrene  (monomer) 

Sulfur  Dioxide 
Sulfur  Trioxide 
Tar  Fumes  and  Vapors 
Xetrachloroethylene 

Tetrachloroethane 
Thiophene 
Toluene  (toluol) 
Trichloroethylene 
Txirpentine 

Vinyl  Chloride 
Xylene  (xylol) 


OHf  iyi 

Approvtdt  Sof*ty  Dir«clof 

Oolt 

H.  W.  Smith 

W.  L.  Ball 

January,  1964 

AH  MKMilta.  »•»«»»  i*  Ak  fr«l»ciA  unItM  xxirt.  It 

!•  wbiwl  I*  rMurn  wi  HwunH  mH  miU  n«  »•  m tmivni  willMUl  tft*  wtittwi  miimoL 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 

6.  CARTRIDGE  TYPE  SELECTOR  TABLE  - GAS  AND  VAPOR  HAZARDS  (Cont'd) 

Ao  Approved  pianixfactureres  for  U.  S.  Bureau  of  Mines  Approved 
Respirators 

(1)  Willson  Products  Company 

(2)  Mine  Safety  Appliances  Company 

(3)  Acme  Protection  Equipment  Company 
Bo  Approved  vendors  for  respiratory  equipment 

(1)  Industrial  Products  Company 
2820  No  4th  Street 
Philadelphia  33,  Pa. 

(2)  Mine  Safety  Appliances  Company 
201  No  Braddock  Avenue 
Pittsburgh  Pao 

7c  CANISTER-TYPE  GAS  MASKS 

Canister  type  gas  masks  are  to  be  used  only  in  atmospheres  \diere  the 
oyygen  content  is  knom  to  be  or  overo  Canister  gas  masks  do  not 
replace  the  oxygen  content  in  a confined  area,  they  are  designed  spe- 
cifically for  protection  against  irritants  and  contamination  which 
might  cause  body  harm,  but  in  areas  or  environments  in  which  the  oxy- 
gen content  of  the  contaminated  air  is  NOT  below  safe  oxygen  (18^) 
limit  So 

Should  limits  of  oxygen  content  not  be  met,  a supplied  air  respirator 
or  a self-contained  breathing  apparatus  should  be  usedo  At  all  times 
follow  the  safe  operating  recommendations  supplied  with  the  mask;  make 
sure  that  the  masks  fit  the  users,  and  that  personnel  are  trained  in 
their  useo 

All  gas  masks  should  be  included  on  a monthly  maintenance  program,  the 
canisters  should  be  replaced  after  each  use  and  after  one  year  storage 
timeo  Each  mask  must  be  inspected  for  cracks,  holes  and  breaks  and  be 
cleaned  with  an  approved  cleaning  solution  as  perscribed  by  the  mask 
manuf a c t ure r o 


Originated  ftyt  Approved:  Safety  Director 

Ho  Wo  Smith  W.  L*  Ball 

Alt  tntofmtllon  hereon  la  the  confldentlal  properly  of  Air  ProducU.  Inc.,  unlesa  another  source  is  sho^n. 
Is  lubjoct  to  return  on  demand  and  must  not  be  disclosed  or  reproduced  without  prior  written  consent. 


Dote 

January,  1964 


SAFETY  STANDARDS 


627.3 

Page  8 627  PERSONNEL  PROTECTIVE  EQUIPMENT 


RESPIRATORY  PROTECTIVE  EQUIPMENT 


7.  CANISTER-TYFE  GAS  MASKS  (Cont'd) 


CANISTER  SELECTION  GUIDE  FOR  GAS  MASKS 


SYMBOL 

DESCRIPTION 

N 

All  Purpose 

FD 

All  Purpose 

AG 

Acid  Gas 

AMN 

Ammonia  (amonite) 

AGAM 

Acid  Gases  and  Ammonia 

AMS 

Ammonia  (silica  gel) 

CL 

Chlorine 

CYN 

Cyanogen  Chloride 

HCN 

Hydrocyanic  Acid  and  Cyanogen  Chloride 

HCNCC 

Hydrocyanic  Acid  and  Cyanogen  Chloride 

HCNPS 

Hydrocyanic  Acid  and  Chloropicrin 

Hg 

Mercury  Vapor 

M 

Military 

OV 

Organic  Vapors 

OVAG 

Organic  Vapors  and  Acid  Gases 

OAAM 

Organic  Vapors,  Acid  Gases  and  Ammonia 

NOTE:  The  canister  column  shows  an  "F"  where  a toxic  smoke  or  dust 

filter  is  required  in  a canister  for  proper  protection, 

"OV  >diere  a chemical  for  absorbing  organic  vapor  is  required, 

"AG"  vdiere  a chemical  for  absorbing  an  acid  gas  is  required, 

"AM"  >diere  a chemical  for  absorbing  ammonia  is  required, 

"Hg"  where  a chemical  for  absorbing  mercury  vapor  is  required, 

"FD"  \diere  all-purpose  gas  and  toxic  smoke  or  dust  protection 
is  required, 

"N"  \diere  all-purpose  gas  protection  only  is  required, 

"CL"  and  "HCN"  where  a special  canister  is  available. 


Originottd  ftyi 

Approv«di  Saftty  Oirsctor 

Dot* 

H.  W.  Smith 

W.  L.  Ball 

January,  1964 

AN  MarnuMn  harMii  li  Nx  ewiMwiHil  pr«»*rty  •«  Air  ProduclA  Inc..  nnlCM  anotlMr  loiircc  l<  tlwwn. 


U MiWKt  M on  Oomind  and  inuai  nol  ba  dlicloiad  or  rapraducad  wIIImuI  prior  wrinan  cantanl. 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 


7.  CANISTER-TYPE  GAS  MASKS  (Cont'd) 


NAME 

CANISTER 

A B H 

OV-F 

Acetaldehyde 

OV 

Acetic  Acid 

OV 

Acetic  Anhydride 

OV 

Acetone 

OV 

Acetonitrile 

OVAG 

Acetyltene 

OV 

Acid  Gases 

AG 

Acridine 

OV-F 

Acrolein 

OV 

A crylaldehyde 

OV 

A crylonit rile 

OVAG-FD-N 

Alcohols 

OV 

Aldehydes 

OV 

Aldrin 

OV-F 

AUyl  Cyanide 

OVAG-FD-N 

Alk^ I so cyanide 

OVAG-FD-N 

Allethrin 

F-non-toxic 

AUyl  Chloride 

OV 

AUylene 

OV 

Alundum 

F 

Amines 

OV 

Ammonia 

AM 

Amyl  Acetate 

OV 

Amyl  Alcohol 

OV 

Amylene 

OV 

Aaoyl  Nitrite 

OV 

Aniline 

OV 

Antimony 

F 

Antimony  Hjndride 

N-FD 

Arsenic 

F-OVAG-FD 

Arsenic  Fluride 

N-FD 

Arsenic  Trichloride 

N-FD-OVAG 

Arsine 

N-FD 

Asbestos 

F 

NAME 

CANISTER 

Bariiffli 

F 

Benzine 

OV 

Benzol 

OV 

Benzoixltrile 

OVAG 

Benzoyl  Cyanide 

OVAG 

Benzylamlne 

OV 

Benzyl  Chloride 

OV-F 

Beta  Borane 

FD-N 

Boron  Fluoride 

FD-N 

Boron  Hydride 

FD-N 

Bromoacetylene 

OVAG 

Bromine 

OVAG 

Bromobenzlne  (mono) 

OV 

Butadiene 

OV 

Butaldehyde 

OV 

N -Butanol 

OV 

Butane 

OV 

Butanone 

OV 

Butoxethanol 

OV 

N-Butyl  Acetate 

OV 

Butyl  Alcohol 

OV 

Butyl  Cellosolve 

OV 

Butylene 

OV 

Butyl  Nitrite 

OVAG 

Cacodyl 

OVAG 

Cadmimum 

F 

Camphor 

OV 

Captan 

OV 

Carbon  Dioxide 

AG 

Carbon  Monoxide 

FD-N 

Carbon  Disulfide 

OVAG-OV 

Carbon  Oxychloride 

FD-N-OVAG 

Carbon  Oxysuifide 

FD-N 

Carbon  Suboxide 

FD-N 

Carbon  Tetrachloride 

OV 

Orlplopt^d  8yi  Approv«dt  Safety  Director 

H,  W.  Smith  W,  L.  Ball  January,  1964 


All  InformeUoo  hereon  It  Iho  confldontle!  proporty  of  Air  Product!,  Inc.,  unless  mother  source  it  shown. 
Is  sttbloct  to  return  on  demend  end  must  not  he  disclosed  or  reproduced  wiihoul  prior  written  coneont. 
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RESPIRATORT  PROTECTIVE  EQUIPMENT 


7.  CANISTER-TYPE  GAS  MASKS  (Cont'd) 


Collosolve 
Centonylene 
Chloroacetylene 
Chlorine 
Chlorine  Dioxide 

Chlorine  Monoxide 

Chloroacetone 

Chlorobenzene 

Chlorobutadiene 

Chloirofonn 

Chloronitropropane 
Chloropicrin 
Chlorotoluene 
Chromic  Acid 
Collodion 

Cresol 
Cyanide 
Cyanogen 
Cyanogen  Bromide 
Cyanogen  Chloride 

Cyclohexane 

Cyclohexanol 

Cyclohexene 

Cyclopropane 

Decane 

DDT 

Diacetylene 

Diborane 

Dibrbmomethane 

Dichlorobenzene 

Dichlorodifluoromethane 
Dichloroethane 
Dichloroethylene 
Dichloroethyl  Ether 
Dichloromethane 


CANISTER 


OV 

OV 

OV 

OVAG-CL 

OVAG-N-FD 


OV 

OVAG-OV 

OV 

F-AG-F 

OV 

OV 

FD-OVAG-F 

FD-N-OVAG 

OVAG 

OVAG 


OVAG-F 

oy  , 

N-FD 

OV 

OV 


CANISTER 


Dichloromonofluoromethane 

Dichloronitroethane 

Dicloropropane 

Dichlorotetrafluoroethane 

Diethylamine 

Dimethylamine 
Dimethyl  Ether 
Dioxane 
Ethane 
Ether 

Ethyl  Acetate 
Ethyl  Alcohol 
Ethyl  Benzene 
Ethyl  Bromide 
Ethyl  Chloride 

Ethylene 
Ethylene  Oxide 
Ethyl  Ether 
Ethyl  Iodide 
Ethyl  Nitrate 

Ethyl  Nitrite 
Ethyl  Silicate 
Formaldehyde 
Formic  Acid 
Freon 

Furfural 
Gasoline  Vapors 
Heptane 
Heptylene 
Hexane 

Hexylene 
Hydrazine 
Hydrlodic  Acid 
Hydrobromic  Acid 
Hydrochloric  Acid 


Oriflnots^  iyi 

Approv«di  $of«ty  Director 

H.  VT.  Smith 

W.  L.  Ball 

January,  1964. 


rty  •(  Mr  Im..  «M«u  mmMt  motw  la 

I m tm**»n*  "MmI  artar  larlMaa  eaaaat 
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7. 

CANISTER-TYPE  GAS  MASKS  (Cont'd) 

RESPIRATORY  PROTECTIVE  EQUIPMENT 

NAME 

CANISTER 

NAME 

CANISTER 

Hydrocyanic  Acid 

HCN 

Perchloroethylene 

OV 

Hydrofluoric  Acid 

AG 

Phenol 

OV 

Hydrogen  Cyanide 

HCN 

Phosgene 

FD-N 

Hydrogen  Svilphide 

FD-N 

Hiosphorus 

OVAG-F-FD 

Iodine 

OVAG 

Propane 

OV 

Iron  Oxide  Fumes 

F 

IVopyl  Alcohol 

OV 

Isobutane 

OV 

Propylene 

OV 

Isophorone 

OV 

I*ropyl  Ether 

OV 

Isopropyl  Ether 

OV 

I^idine 

OV 

Ketene 

OV 

Rochelle  Salt 

OV-F 

Ketone 

OV 

Selenium 

F 

Lacquer 

OV-F 

Silica  Dusts 

F 

Lead  Tetraethyl 

OV-OV-F 

Soapstone 

F 

Magnesium  Oxide  Fumes 

F 

Stibine 

FD 

M2inganese 

F 

Stoddard  Solvent 

OV 

Mercuiy 

Hg 

Sulphiir  Chloride 

OVAG 

Methanol 

OV 

Sulphur  Dichloride 

OVAG 

Methyl  Alcohol 

OV 

Sulphur  Dioxide 

AG 

Methyl  Bromide 

OV 

Sulphuric  Acid 

AG-F 

Methyl  Chloride 

OV 

Sxilphiu*  Trioxide 

AG-F-FD 

Methyl  Ether 

OV 

Talc  Dust 

F 

Methyl  Nitrite 

OV 

Tar 

OV 

Muriatic  Acid 

AG 

Teflon 

OV-F 

Naphtha 

OV 

Tetraborane 

FD-N 

Nitric  Acid 

AG 

Tetrachloroethane 

OV 

Nitrobenzene 

OV 

1,  1,  2,  2, 

Nitrogen  Dioxide 

FD-N 

Tetrachloroethane 

OV 

Nitromethane 

OV 

Tetrachloromethane 

OV 

Nit ro propane 

OV 

Toluene 

OV 

Nitrous  Oxide 

FD-N 

Tribrcanomethane 

OVAG 

Octane 

OV 

Trichloroethylene 

OV 

Ozone 

OV 

Turpentine 

OV 

Paint-lead 

OV-F 

Uraniim  (unsoluble) 

F 

Pentaborane 

N-FD 

Uranium  (soluble) 

OVAG-F 

Pentane 

OV 

Vinyl  Chloride 

OV 

Xylene 

OV 

Xylol 

OV 

Zinc  Oxide  Fumes 

F 

Origlnol«d  ftyi 

Apprpv«di  Sofuty  DIructor 

Oat* 

H.  W.  Smith 

W.  L.  Ball 

January,  1964 

All  InfwmatlM  herMfi  It  th«  eonfldtnlltl  pr«R«rly  tf  Air  Product^  Inc.,  unltii  tnolhtr  sourct  It  shtwn. 
It  Mibitct  It  rtiurn  tn  dtmand  and  mutt  nol  bt  dltdottd  or  reproductd  without  prior  wrilttn  conttnL 
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RESPIRATORY  PROTECTIVE  B3UIPMENT 

7.  CANISTER-TYPE  GAS  MASKS  (Cont'd) 

A.  Approved  manufacturerers  for  U.  S.  Bureau  of  Mines  Approved 
Gas  Masks. 

(1)  Willson  Products  Company 

(2)  Mine  Safety  Appliances  Company 

(3)  Acme  Protection  Equipment  Company 

B.  Approved  vendors  for  gas  mask  equipment 

(1)  Industrial  Products  Company 
2820  N.  4th  Street 
Philadelphia  33,  Penna, 

(2)  Mine  Safety  Appliances  Company 
201  N.  Braddock  Avenue 
Pittsburgh  8,  Penna. 

8.  AIRLINE  RESPIRATORS 

The  U.  S.  Bureau  of  Mines  has  approved  the  use  of  supplied  air  respirators 
for  respiratory  protection  in  any  atmosphere  not  immediately  harmful  to 
life.  or  from  vdiich  the  wearer  can  escape  vdthout  the  aid  of  a respirator. 


Air  line  respirators,  abrasive  blasting  helmets  and  supplied  air  hoods  are 
terped  supplied  air  equipment,  since  a source  of  ccanpressed  air  is  used 
to *^upply  the  wearer  with  the  air  he  needs  for  breathing.  It  is  important 
that  the  wearer  receive  clean  dry  air;  this  may  be  accomplished  by  either 
filtered  plant  compressed  air  systems,  or  from  cylinders., 

j This  equipnent  should  be  operated  at  a mask  pressure  up  to  26  psi,  be 
equipped  with  an  air  release  valve  which  will  release  at  26  psi,  and 
be  equipped  with  a constant  flow  filter. 

A.  Approved  manufacturers  of  airline  respiratory  equipment. 

(1)  Willson  Products  Company 

(2)  Mine  Safety  Appliances  Company 

(3)  Acme  Protection  Equipment  Company 


Originated  iyi 


H.  W.  Smith 


Approvadi  Sofaly  Mrader 


W.  L,  Ball 


M MmllMi  laraM  k •»  wtMMl 
U Mtlae  k mtrnn  m diwaad  and  ■ 


idal  Ak  eradattfc  Ilk,  aakM 

Mi  Ml  At  dKkMa  w fwrWaca  w«lk«l  prkr  m«m«L 


January,  1964 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 


8.  AIRLINE  RESPIRATORS  (Cont’d) 

Bo  Approved  vendors  for  airline  respiratory  eqviipment. 

(1)  Industrial  Products  Company 
2820  No  4th  Street 
Philadei^phia  33,  Pa. 

(2)  Mine  Safety  Appliances  Company 
201  No  Braddock  Avenue 
Pittsburgh  8,  Pao 

9.  SElf.^CTJTAINED  BREATHING  APPARATUS 

Self-contained  breathing  units  may  be  worn  under  any  conditions  which 
warrant  protection  from  dusts,  vapors,  fumes  and  oxygen  deficient  at- 
mospheres o These  units  should  be  available  for  rescue,  quick  entry, 
work  and  escape.  Selection  of  the  proper  unit  will  depend  on  the  areas 
of  use  and  the  time  element  involved.  At  least  one  extra  cylinder  should 
be  provided  for  each  unit  provided  for  the  facility. 

APCI  has  standardized  on  both  the  Scott  and  Surviv-Air  self-contained 
breathing  apparatus;  a summary  of  these  units  is  as  follows: 


MODEL 

Scott  - 6000-B4A  Air  Pak 
Scott  - 6000-A2MS  Air  Pak 
Surviv-Air  - 9009-20 
Surviv-Air  - 9030 


Pressure  Alarm  Unit.  This  alarm  unit  must  be  specified 
when  ordering. 

All  Surviv-Air  Units  must  be  ordered  with  a case.  This 
case  must  be  specified  when  ordering.  ^ 

Compressed  Air  Chily  will  be  used  for  self-contained  breathing 
uni t s . Under  no  conditions  will  oxygen  be  substituted  for 
compressed  air. 


WEIGHT 

LBS. 

BREATHING  TIME 
UNDER  WORKING 
CCNDITICNS 

REMARKS 

19  1/2 

15  Min. 

Not  U.  S.  Bureau 
of  Mines  Approved 

30 

30  Min. 

U.  S.  Bxireau  of 
Mines  Approved 

8 

7 to  10  Min. 

Not  U.  S.  Bureau 
of  Mines  Approved 

25 

30  Min. 

U.  S.  Bxireau  of 
Mines  Approved* 

s will 

be  equipped  with  a 

Scott  Low 

Originoted  Ayt 

Approved!  Safety  Director 

Dote 

H.  W.  Smith 

W.  L.  Ball 

Jamuary,  1964 

All  informtUon  her««o  Is  thi  wnMenUtI  prop«rty  Air  Products,  Inc.,  unless  another  source  is  shown, 
is  subioci  to  ralurn  on  demand  and  must  not  bo  disclosed  or  reprlducad  without  prior  written  consent. 
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RESPIRATORY  PROTECTIVE  EQUIPMENT 


. SELF-CONTAINED  BREATHING  APPARATUS  (Cont'd) 


A.  Approved  manufacturers 

(1)  Scott  Aviation  Corp. 

(2)  Surviv-Air  Corp. 

B.  Approved  Vendors 

(1)  Scott  - Southern  Oxygen  Company- 

Division  of  Air  Products  and  Chemicals,  Inc. 
P.O.  Box  5087 
Washington  19,  D.  C. 

(2)  Surviv-Air  - Industrial  Products  Company 

2820  N.  4th  Street 
Philadelphia  33 » Penna. 


iyi 


H.  W.  Smith 


AN  hilfrfMUtfi  NrMR  It  Ita  WAtiwititl  l 
It  MNtct  t*  rttMTH  m Rtwiawi  ini  tmm  t 


Approv^dt  Safety  Director 


W.  L.  Ball 


ty  «l  Mr  Ine.,  unltit  tntlHir  Murct  It  tfi»w«4 

I dltdMtd  m rtifdtfctd  wHAmii  prltr  m\nm  cmmiiL 


January,  1964 
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1.  PURPOSE 

This  standard  establishes  the  criteria  for  the  selection  of  personal 
protective  occupational  noise  suppresant  equipment  for  use  in  hiph 
noise  areas. 

2.  score 

This  standard  applies  to  all  APCI  facilities  where  there  is  a need 
for  protection  from  high  levels  of  occupational  noise. 

3.  GENERAL 

The  following  approved  safety  equipment  shall  be  provided  and  used  in 
areas  where  the  occupational  noise  level  exceeds  90  decibels  as  measured 
on  the  "A"  scale  of  a standard  sound  level  meter  at  slow  response, 


regardless 

of  octave  band. 

4.  NOISE  PRCTECTI^I  EQUIPMENT 

TYre 

MANUFACTURER 

PART  NUMBER 

DECIBEL  RANGE  OF  USE 

Ear  Plug 

Willson  Products  Co. 

EP-lOO 

90  to  110 

Ear  Plug 

H.E.  Douglass  Eng.  Co. 

5000 

90  to  no 

Ear  Muff 

Willson  Products  Co. 

155-A 

no  to  130 

Note  1.)  - Due  to  differences  in  ear  structure,  some  persons  may  not  be 
able  to  be  fitted  with  ear  plugs.  These  persons  shall  be 
provided  with,  and  use,  the  155-A  Ear  Muff. 

Note  2.)  - There  may  be  occassions  where  the  decibel  level  may  exceed 
130.  For  these  exposures  both  the  EP-lOO  ear  plug  and  the 
155-A  ear  muff  shall  be  provided  and  used. 

Note  3.)  - All  of  the  above  safety  equipment  may  be  worn  with  a hard 
hat  or  cap  without  modification. 

5.  SUPPLIER 

All  ear  protection  equipment  is  being  stocked  by  the  Spare  Parts 
Department,  and  is  to  be  ordered  by  requisition.  The  address  is 
as  follows: 

Air  Products  and  Chemicals,  Inc. 

Post  Office  Box  482 

Allentown,  Pennsylvania,  18105 

Attention:  Spare  Parts  Department 


All  Inlormption  h*r«on  tc  th«  confld«ntiol  property  of  Air  Products  ond 
Chomicols,  Inc.,  unlost  onothor  tourco  Is  shown,  Is  subjocl  to  roturn  on  do* 
mond  ond  must  not  bo  dlsclosod  or  roproducod  without  prior  wrltton  consont. 
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l^ate  April  T.  19T1 

M*-  Hals  ted  Subject  Operations  IlearinK 

H«  H«  Master  Protection  Program 

cc:  W*  L.  Ball  W*  J,  Scharle 

A.  W.  Mellen  H*  E.  Wynn 


A 


Operations  Department  has  been  supplying  hearing  protection  equipment  as  needed  or 
requested  for  a number  of  years*  Wearing  was  more  or  less  voluntary  and  was  recom- 
mended where  believed  essential*  As  equijpment  sizes  increased,  the  wearing  of  pro- 
tection was  more  necessary,  and  the  program  was  broadened*  With  the  advent  of  the 
Walsh  Healy  Act  and  industrial  and  public  awareness  of  environmental  deterioration, 
the  Operations  Department  program  was  broadened  further  and  accelerated. 

In  April,  1970 > at  your  direction,  the  writer  visited  Geismar,  Lone  Star,  Los 
Angeles,  and  Wharton  plants.  H.  Smith  accompanied  me  to  all  locations  excepting 
Los  Angeles*  Sound  level  surveys  were  made  at  each  location  and  safety  meetings 
were  held  with  employees*  The  Geismar  and  Los  Angeles  plants  were  picked  because 
they  were  essentially  new  facilities  and  initial  employee  training  is  instrxamental 
in  attaining  good  compliance*  Lone  Star  was  picked  because  general  attitude  of  em- 
ployees is  good,  and  Wharton  was  included  as  noise  levels  are  high  there  due  to 
indoor  installation  of  large  machinery. 

Employee  accept atnce  at  test  plants  was  good,  and  it  was  decided  to  proceed  with 
coverage  on  all  plants*  Since  that  time,  A*  L*  Hatley  and  the  writer  have  had 
safety  meetings  at  plants  in  conjunction  with  other  reasons  for  visiting  their 
locations.  15  of  23  major  locations  have  been  covered  (see  attachment)*  Nitrogen 
plants  have  not  been  included,  primarily  because  there  is  no  apparent  problem* 
Allentown,  Western  Electric  facility,  was  surveyed  as  a typical  location,  and 
there  was  a high  reading  of  93  dB  (A)  but  at  only  one  spot  in  the  area.  All  other 
spots  were  89  or  less* 

Safety  meeting  material  outline  included; 

1.  Reasons  for  concern  - increased  public  and  industrial  noises. 

2.  Sound  measurement  - explsination  of  decibel  - examples  of  various 
levels  (whisper,  talking,  discotheques,  average  auto.  Jet  plane,  etc.) 

3.  Walsh  Healy  Act  exposure  limitations  without  hearing  protection. 

4*  Parts  of  the  ear  and  their  function  - how  noise  affects  them  - what 
can  be  done  if  damaged* 

5.  Plant  sound  levels  - where  protection  should  be  worn  - limitations 
of  ear  plugs  and  ear  muffs* 


APCI  DOCUMENT 


afu/  (%emica^ 

I c . 


PUT  IT  IN  WRITING 


Date  April  7 • 19T1 


To  H,  Halsted 


Sub.lect  Operations  Hearing  Protection  Program 


From  H,  Master 


page  2 


Since  the  Company  had  no  compulsory  rules  on  this  area,  compliance  was  suggested 
by  "we  want  you"  or  "you  should"  wear  hearing  protection*  The  attachment  outlines 
facilities  which  have  had  meetings  and  surveys,  and  the  compliance  column  rates 
employee  observance  of  wearing  protective  equipment  as  observed  by  the  writer  or 
reported  by  plant  management  or  A*  L.  Hatley*  Compliance  here  is  based  on  our 
instructions  to  have  them  wear  protection  at  any  location  over  90  decibels  re- 
gardless of  the  time  in  the  area*  Walsh  Healy  specifies  90  decibels  limit  for 
eight  hour  exposures.  It  was  thought  best  to  have  them  wear  protection  at  all 
times  in  these  areas  (with  the  possible  exception  of  pass-through)  as  no  one 
keeps  track  of  his  time  and  the  probability  of  the  future  limit  being  lowered 
to  85  dB  (a)  is  very  likely.  Generally,  ear  plugs  are  satisfactory,  but  ear  muffs 
are  recommended  for  venting,  defrost  and  recycling  as  it  is  very  likely  noise 
levels  reach  110  decibels  for  these  operations. 

There  are  a number  of  complaints  against  standard  ear  plugs.  Through  Safety 
Department,  the  writer  acquired  G,E,  Peacekeeper  kits  which  are  a silicone  rubber 
materieil  molded  to  the  individual's  ear*  H.  Smith  had  been  checked  out  on  making 
these  plugs  and  he,  in  turn,  taught  the  writer*  After  cleaning  and  lubricating 
the  ear  with  mineral  oil  on  cotton  swabs,  the  base  material  is  mixed  with  a cata- 
lyst* It  is  then  worked  into  the  subject's  ear  and  left  to  set  for  20  minutes 
after  which  time  he  has  a set  of  ear  plugs  custom-made  for  his  ear • The  writer 
has  made  about  80  sets  for  employees  at  Los  Angeles,  Delaware  City,  Sparrows 
Point,  Cleveland,  Lathrop,  and  Middletown  and  general  acceptance  is  good*  Only 
H.  Smith  and  the  writer  are  permitted  to  make  these  plugs  at  this  time  as  we  do 
not  want  anybody  and  everybody  to  do  this  work  on  employees'  ears* 

Operations  has  had  the  foresight  to  educate  their  employees  in  this  matter,  65^ 
of  the  major  facilities  have  been  covered  hoping  to  get  a voluntary  compliance* 

The  Safety  Standard  has  now  been  issued  and  we  will  expedite  meetings  at  the  re- 
maining locations* 


ORIGINAL  SIGNED  BY 


H.  II  * Master 
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SUM-IARY 

OPERATIONS  HEARING  PROTECTION  PROGRATl 
Meetings  High  Reading 


Facility 

Attended  By 

dB  (A) 

Compliance 

Ashland 

Birmingham 

Ae  Hatley 

93 

Burns  Harbor 

II.  Master 

109 

Good 

Butler 

Cleveland 

H*  Master 

103 

Fair 

Creighton 

111.5 

Decatur 

A.  Hatley 

9h 

Excellent 

Delaware  City 

H,  Master 

lOU 

Good 

Geismar 

Hi  Master 
Hi  Smith 

Il4»» 

Very  good 

Granite  City^ 

W,  Schmoyer 
E i Sheasby 

106 

LaPorte 

A.  Hatley 

97 

Good 

Lathrop 

Leechbury 

Hi  Master 

99 

Lone  Star 

Hi  Master 
Hi  Smith 

106 

Excellent 

Los  Angeles 

Hi  Master 

106 

Poor 

Middletown 

Hi  Master 

112 

New  Martinsville 

New  Orleans 

Ai  Hatley 

105 

Fair 

Pittsburgh 

99 

Puerto  Rico 

Hi  Master 

109 

Good 

Sparrows  Point 

Hi  Master 

106 

Very  good 

Weirton 

107 

Wharton 

Hi  Master 
Hi  Smith 

102 

Very  good 

* Impromtu  meeting  held  during  visit  here  when  employees  and  union  raised 
questions.  Another  meeting  would  be  in  order  and  is  planned. 


**  Mufflers  have  been  added  here  and  new  data  will  be  obtained 
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OCCUPATIONAL  NOISE 

1.  PURPOSE 

This  standard  establishes  the  responsibility  and  describes  the  procedure 
to  identify  and  reduce,  to  acceptable  limits,  problems  concerning  industrial 
noise. 

2.  SCOPE 

This  standard  applies  to  all  APCI  facilities. 

3.  OBJECTIVE 

Revision  of  the  safety  and  health  regulations  applicable  under  federal 
regulations  reqizires  that  protection  be  provided  against  the  effect  of 
excessive  noise-  The  regulations  require  that  feasible  administrative 
or  engineering  controls  shall  be  utilized.  If  such  controls  fail  to 
reduce  sound  levels  below  certain  prescribed  maxima,  "Personal  Protective 
Equipment  shall  be  provided  and  used."  In  order  to  provide  a uniform 
program  which  is  compatible  with  these  regulations,  the  following  pro- 
cedures will  be  required: 

A#  Evaluation  of  APCI  facilities  for  noise  exposures,  utilizing 
accepted  methods  and  equipment. 

B.  Comparison  of  noise  exposure  data  to  noise  criteria  for  identifying 
noise  hazards. 

C.  The  introduction  of  a hearing  conservation  program,  where  necessary, 
incorporating  the  following: 

(1)  Control  and  reduce  noise  by  engineering  methods  whereever 
possible  and  practical. 

(2)  Provide  personal  protective  equipment  for  employees  in  those 
areas  where  noise  control  is  not  possible  or  practical  under  C 
(1)  above . 

4.  RESPONSIBILITY 

A.  The  facility  manager  is  responsible  for  ensuring  that  all  employees 
under  his  supervision  are  protected  against  the  effects  of  industrial 
noise  as  outlined  in  this  standard.  It  is  thus  his  responsibility  to 
institute  plant  surveys,  institute  programs  to  reduce  noise  wherever 
possible,  and  to  require  the  wearing  of  protective  equipment  where 
noise  levels  exceed  the  criteria. 


B. 


The  Engineering  Department  shall  be  responsible  for  including  in 
the  specifications  for  all  new  equipment,  a requirement  for  keeping 
noise  reduced  to  a level  consistent  with  personal  safety  and  good 
design. 
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SAFETY  STANDAftOS 

625  INDUSTRIAL  SAFETY 


OCCUPATIONAL  NOISE 

5.  PROCEDURE 

A.  General  Requirements 

The  maximum  steady  noise  ]evel  that  an  employee  shall  be  exposed  to 
for  an  8-hour  work  day  is  90  dD  (A).  If  the  noise  level  exceeds  90 
dB  (a),  the  steps  listed  below  shall  be  taken: 

(1)  The  no?  se  shall  be  reduced  by  engineering  methods  wherever 
possible  or  practical. 

(2)  Where  adequate  noise  reduction  is  not  possible  by  engineering 
methods,  personal  protective  equipment  as  set  forth  in  Safety 
Standard  627.4.8  shall  be  provided. 

Note  1:  Exposure  to  impulsive  or  impact  noise  shall  not  exceed 

120  peak  dD  (A)  Sound  Pressure  level. 

B.  Plant  Surveys 

Noise  surveys  shall  be  made  of  all  facilities  where  industrial  noise 
appears  to  exceed  the  criteria.  Assistance  in  making  the  survey  can 
be  obtained  from: 

(1)  Corporate  Safety  Department, 

(2)  Workmens  Compensation  liability  insurance  carrier,  or 

(3)  A qualified  representative  of  the  division  involved. 

Surveys  will  be  entered  on  standard  equipment  arrangement  drawings 
and  shall  be  held  as  a matter  of  record  in  the  Corporate  Safety 
Department  office.  Each  instrument  shall  be  calibrated  prior  to 
each  survey.  The  calibration  method  and  date  shall  become  part  of 
the  survey. 

C.  Plant  Re surveys 

Plant  resurveys  shall  be  performed  whenever  a change  in  the  facility’s 
equipment  has  been  made.  A request  for  a resurvey  may  be  made  by  the 
facility  manager  or  the  Corporate  Safety  Department  at  any  time. 

D.  Noise  Evaluation  Equipment 

Noise  surveys  shall  be  conducted  using  a General  Radio  sound  survey 
meter  type  No.  I565-A  or  type  No.  1555-A  calibrated  to  the  "A”  scale 
at  slow  response.  Only  in  special  cases  shall  readings  be  obtained 
using  various  octave  bands. 
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OCCUPATIONAL  NOISE 


E*  Personal  Protective  Equipment 

Acceptable  personal  protective  equipment  is  described  in  Safev 
Standard  627.4.8. 

F . Definitions 


Audiop;ram  - A graph  showing  hearing  loss  as  a function  of  frequency. 
Audiometer  - The  instrument  for  measuring  hearing  sensitivity. 


Decibel  - The  decibel  (dB)  is  the  common  unit  of  measurement  of 
sound  pressure.  It  is  20  log^Q  of  the  ratio  between 
the  root -mean- square  (rms)  pressure  of  a given  sound 
and  a reference  rms  pressure  which  is  usually  0.0002 
microbar. 

- This  symbol  denotes  the  decibel  reading  on  the  "A” 
scale. 
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STAFFING  AND  "CHECK-IN"  SYSTEMS 
FOR  OPERATING  PLANTS 


The  Safety  Department  recommends  the  guidelines  listed  below  be  utilized  in 
establishing  the  controls  to  provide  a means  of  checking  on  the  condition  of 
personnel  who  are  working  alone  performing  emergency  maintenance  work,  daily 
plant  operation,  or  weekly  plant  operations.  The  guidelines  set  forth 
establish  the  minimum  requirements^  - obviously  where  a "check-in"  system 
can  be  established  with  a nearby  Air  Products  facility,  customer  personnel, 
or  neighboring  industry  guard  service,  such  an  arrangement  shall  be  made. 

The  hazards  inherent  in  the  type  of  work  being  performed  by  the  individual 
shall  be  the  criteria  used  in  determining  whether  a "check-in"  system  is 
required. 

1.  TYPE  OF  PLANT 

A.  Flammable  Gas  Plants 

Regularly  scheduled  plant  operations  with  one  man/shift  at  any  plant 
processing  flammable  gas  must  be  provided  with  a positive  method  of 
"check-in"  by  the  operator.  The  frequency  of  "check-in"  may  vary 
with  the  type  of  system  established  but  must  provide  a minimum 
operator  "check-in"  once  every  hour.  The  plants  included  as^  ^ 
flammable  gas  plants  would  be  acetylene,  hydrogen  or  other  flammable 
gas  cylinder  filling  plants  and  carbon  monoxide,  liquid  hydrogen, 
or  LNG  production  facilities. 

B.  Fluorine  Production  Facilities 

Production  of  fluorine  or  transfer  of  fluorine  (liquid  or  gaseous) 
into  containers  shall  require  two  personnel  to  be  present  at  the 
facility.  A communication  system  shall  be  provided,  such  as  "walkie- 
talkies"  . 

C.  Nitrogen  Generating  Facilities 

A "check-in"  system  is  not  required  for  one  man/shift  operations  or 
maintenance  of  these  facilities. 

D*  Oxygen  Generating  Facilities 

A "check-in"  system  for  one  man/shift  operations  is  required  if 
routine  operations  necessitate  operation  from  more  than  grade  eleva- 
tion or  if  cryogenic  liquid  loading  operations  are  performed.  The 
frequency  of  "check-in"  shall  be  a minimum  of  once  every  hour, 

E.  Oxygen,  Nitrogen.  Argon  Cylinder  Filling  Facilities 

A "check-in"  system  is  not  required  for  one  man/shift  operations. 
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2.  MAINTENANCE  WORK 


The  following  guidelines  shall  be  used  during  maintenance  work: 

A.  Maintenance  work  on  systems  containing  flanmable  gases  will  require 
the  presence  of  more  than  one  person. 

B.  Maintenance  work  on  electrical  systems; 

(1)  Work  on  energized  electrical  systems  with  voltages  up  to 
250  volts  will  require  the  presence  of  more  than  one  person. 
(Under  no  circumstances  are  personnel  permitted  to  work  on 
energized  circuits  with  voltages  exceeding  250  volts.) 

(2)  Work  on  de-energized  circuits  with  voltages  of  UUo  volts  or 
above  will  require  the  presence  of  more  than  one  person  (the 
second  person  need  not  be  an  electrical  technician.) 

C.  Maintenance  work  other  than  that  described  above  will  not  require 
a second  person  or  "check-in”  systemj  however,  the  employee  must 
advise  the  appropriate  plant  manager  (or  his  representative)  of 
his  time  of  departure  to  an  unattended  facility  and  his  time  of 
return  from  the  unattended  facility. 

3.  ACCEPTABLE  "CHECK-IN"  SYSTEMS 

The  "check-in"  system  utilized  shall  be  a reliable  method  of  determining 

the  responsiveness  of  an  individual  such  as: 

A.  ADT  System; 

B.  Telephone  contact  with  APCI  personnel,  customer  personnel,  or 
neighboring  industry  guard  personnel; 

C.  Reliable  telephone  answering  services. 


Re-typed  Dec,  1,  1971 
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PUT  IT  IN  WRITING 


TO:  All  Plant  Managers 

FROM:  R.  D.  Stompler 


Date:  February  19,  1971 

Subject:  LOX  Pump  Safety  Barriers 


cc : 


W,  L.  Ball 
B,  J,  Berrettini 
J.  M,  Geist 
M.  H.  Halsted 
H.  H.  Master 

G.  W.  Robinson 

M.  H.  Vogel  - APL 

H . E . Wynn 


Attached  is  a sketch  of  a typical  or  suggested  safety  barrier  to  be  installed 
on  Paul,  Carter  and  Cosmodyne  LOX  transfer  pumps  (3600  RPM  Ground  Pumps), 

Each  plant  manager  vill  be  responsible  for  having  these  barriers  constructed 
and  erected,  and  should  report  to  the  writer  each  completed  xinit  as  they  are 
completed.  The  report  should  include  make,  model,  serial  number,  service 
and  location  of  each  unit  along  with  a picture  of  the  barrier.  It  is 
expected  that  this  work  should  be  completed  in  approximately  one  week  after 
receipt  of  this  memo. 

Although  no  catastrophic  incidents  have  been  reported  with  these  slow  speed 
pumps,  the  potential  still  exists  and  the  barriers  are  to  be  provided  in  the 
interest  of  personnel  safety. 


ORIGINAL  SIGNED  BY. 


R.  D.  Stompler 
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Page  1 of  1 
Applicable  To: 


Bulletin  No.  42 


Design  Eng.  Std.  546.1 


I.  TORPOSE  AND  SCORE 


This  bulletin  Incorporates  changes  proposed  for  Personnel  Protective  Shields 
for  Oxygen  Systems,  Design  Engineering  Standard  546.1,  as  contained  in 
B.  W.  Taylor's  memo  6f  July  22,  1971,  Subject:  Oxygen  Standards.  The  memo 
is  attached. 


R.  W.  Campbfil  ] 
J.  H.  Geist 
JB.  W.  Taylor 


9/30/71 
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DATE: 

September  30,  1971 
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PUT  IT  IN  WRITING 


TO;  R.  M,  Kroc/W.  T.  Rector 

FROM:  B.  W.  Taylor* 


cc:  L,  W.  Ball* 

R.  W.  Campbell 
J.  J.  Dwyer 
J.  M.  Geist* 

M.  H.  Halsted 


Date:  July  22,  1971 

SUBJECT:  Oxygen  Standards 


G.  W.  Robinson* 

W.  J.  Scharle* 

E.  P.  Thomas 
K.  Wilson  (APL) 


A meeting  of  those  marked  * was  held  on  July  21  to  reach  agreement  on 
®®^i^ication  of  APCI  standard  546.1  for  shields  around  oxygen  compressors. 
The  questions  in  this  area  were  outlined  in  my  memo  of  July  19,  same 
subject.  Questions  and  conclusions  were  as  follows: 

!•  Are  single  ply  shields  acceptable  around  centrifugal  compressors? 

The  sandwich  design  must  be  continued  as  currently  required  by  the 
standard  to  achieve  desired  time  delay  prior  to  bum  through  of  the 
shield.  Compressors  with  discharge  pressure  below  50  psig  were 
considered  for  a single  ply  barrier.  This  relaxation  was  ruled  out 
on  the  basis  that  evidence  was  not  available  to  justify  the  change  at 
this  time. 

Standard  546 #1  describes  the  principles  normally  requiring  placement 
of  the  shield  approximately  3 feet  from  the  compressor.  This  dimension 
may  be  increased  to  achieve  walkways  past  piping,  etc.  The  resulting 
layout  in  nearly  all  cases  should  be  within  approximately  5 feet  of  the 
conq^ressor  or  1st  elbows  off  the  compressor.  Therefore,  the  standard 
will  continue  to  require  the  sandwich  design  around  all  centrifugal 
compressors. 


2.  Are  shields  required  aroimd  reciprocating  conpressors? 

As  a minimum  requirement,  shields  must  enclose  the  cylinders,  distance 
piece  openings  adjacent  to  the  cylinder  and  the  first  elbow  of  piping 
connecting  to  the  cylinders.  The  distance  piece  housing  need  not  be 
enclosed.  Shields  located  within  5 feet  of  the  cylinders,  distance 
pieces,  or  1st  elbows  must  be  the  sandwich  design  as  currently  required 
by  the  standard.  Shields  outside  this  5 ft.  boundary  may  be  a single 
ply  design.  These  requirements  apply  to  reciprocating  compressors  of 
all  manufacturers  and  all  pressures. 


Air  Products  and  Chemicals,  Inc. 
TO:  tt.  M.  Kroc/W.  T.  Rector 
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July  22,  1971 


The  use  of  the  minimum  shielding  indicated  above  or  an  alternate  desx^ 
totally  enclosing  the  conqjressor  shall  be  based  on  economics,  accessibility 
for  safety  inspections  and  clearances  needed  for  normal  maintenance.  The 
main  advantage  of  close-in  shields  around  Sulzer  compressors  is  greatly 
in^proved  observation  of  the  distance  piece  area  plus  a significantly 
smaller  shield* 

During  the  July  19  meeting,  it  was  agreed  that  doors  may  be  eliminated 
if  baffles  are  used  in  front  of  each  entrance  to  eliminate  line  of 
sight  between  the  compressor  and  the  outside,  Vfhile  this  principle 
applies  to  either  reciprocating  or  centrifugal  compressors,  the  additionai 
floor  space  required  will  usually  make  it  undesirable  around  the 
centrifugal  units. 

3,  Are  shields  required  around  coolers  and  piping  associated  with  oxygen 
coiqpressors? 

It  was  concluded  that  the  piping  and  coolers  for  all  pressures  are  safe 
without  shields  if  they  are  kept  clean.  This  area  is  vulnerable  to 
rusting  during  the  operational  phase  if  a water  leak  develops  into  the 
process  stream  and  corrosive  piping  materials  are  utilized.  Therefore, 
the  selection  of  materials  and  the  cost  of  maintaining  cleanliness  continue 
to  be  very  important  as  indicated  by  paragraph  IVB5  of  standard  578,60,1. 
Plants  for  APCI  operation  will  probably  utilize  stainless  bonnets  on 
coolers  as  well  as  for  interstage  piping  based  on  total  cost. 


However,  coolers  and  piping  located  in  the  area  under  a centrifugal 
conqjressor  must  continue  to  be  enclosed  due  to  the  exposure  to  flames 
from  the  compressor  area.  Additionally,  a large  number  of  elbows 
adjacent  to  the  case  eire  normally  located  in  this  area. 

Recipients  of  this  memo  are  requested  to  carefully  consider  the  above  ch^es  and 
indicate  any  objections,  with  justification,  by  August  1,  1971.  A technical 
bulletin  will  be  published  to  incorporate  the  above  information  in  the  standard 
after  that  date. 


The  two  pictures  above  are  the  best  answer  we  know  of  for  that  question.  A 
shower,  first  aid  to  slightly  abraided  skin  from  oil  and  flying  particles, 
and  repairs  to  the  safety  glasses  were  much  less  painful,  less  time  consuming 
and  less  expensive,  than  the  medical  treatment  and  possible  hospitalization 
that  would  have  been  required  if  safety  glasses  had  not  been  used. 

These  pictures  were  taken  May  29,  1963  at  the  West  Palm  Beach  facility. 

Ronnie  Hayward  had  opened  the  blowdown  valve  on  the  HPR  oil  separator.  The 
line  was  plugged  and  the  plug  broke  loose  releasing  a 500  psi  stream  into  the 
blowdown  opening  in  the  sewer.  The  escaping  gas  hitting  the  sewer  and  the 
ground  in  the  area  blew  sand,  oil  and  sorbead  particles  back  into  Ronnie’s 
face.  The  degree  of  protection  that  the  safety  glasses  gave  to  his  eyes  is 
clearly  seen  in  the  right  hand  picture. 
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MAIMTENANCE  OF  PORTABLE  FIRE  EXTINGUISHERS 


r 


I,  PURPOSE 

To  establish  a procedure  for  checking  and  maintaining  all  portable 

^ ^x^xuguishers  at  all  Operations  facilities « 


11.  RESPONSIBILITY 

pae  Plant  Manager  or  Maintenance  Superintendent  shall  designate  a man  to 
oe  responsible  for  checking  portable  firefighting  equipment.  An  alternate 
to  act  in  his  absence  or  to  assist  him  when  necessary  shall  also  be 
appointed.  If  possible^  these  appointees  shall  have  past  experience  in 
firefighting  and  related  equipment.  If  they  do  not  have  such  experience, 
every  effort  shall  be  made  to  instruct  and  train  them,  making  use  of  such 
available  literature  as  that  issued  by  the  state,  by  the  National  Fire 
Protection  Association,  and  by  Air  Products  and  Chemicals,  Inc.  These  men 
shall  always  be  part  of  the  plant  Safety  Committee. 

If  the  administration  of  a .particular  facility  includes  a Safety  Engineer, 
then  he,  working  through  the  employees'  supervisors,  snail  be  responsible 
for  directing  the  maintenance  men  in  the  particular  Job  of  maintaining 
portable  fire  extinguishers.  If  outside  contractors  are  used  because  of 
special  equipment  required,  these  maintenance  men  shall  spot  check  the 
contractor's  work  to  see  that  the  schedule  is  maintained. 

All  operating  personnel  are  responsible  for  compliance  with  the  general 
rules  of  the  procedure  (see  III,  B,  below). 


III.  ‘ PROCEDURE 

A.  Scope 

Extinguishers  covered  by  this  procedure  shall  include  all  those 
approved  for  company  use  as  detailed  in  Safety  Standard  630.3.2. 

Class  A Fires  — Pressurized  water  and  foam 

Class  B Fires  - Dry  chemical  (white  or  purple  powder),  carbon  dioxide, 
and  foam 

Class  C Fires  - Dry  chemical  and  carbon  dioxide 

B.  General  Rules 

1.  All  personnel  shall  observe  the  following  rules; 
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&•  Report  the  following  to  the  supervisor  immediately: 

(!)•  Use  of  any  extinguisher. 

(2) ,  Equipment  missing  from  its  station.  Be  familiar  with 

these  locations.  No  extinguisher  is  to  be  moved  without 
the  supervisor’s  permission. 

(3) .  Damaged,  deteriorated,  or  malfunctioning  equipment, 

b*  Extinguishers  must  be  readily  accessible.  Keep  the  area 
surrounding  it  clear  and  also  the  aisles  leading  to  it. 

c.  Keep  in  mind  that  portable  extinguishers  are  only  ”first  aid” 
fire  equipment.  They  can  extinguish  small  incipient  fires 
or  check  larger  fires  until  more  elaborate  equipment  and 
professional  firefighters  arrive  at  the  scene, 

2.  Supervisors  and  maintenance  men  are  responsible  for  the  following: 

a.  Items  reported  in  la,  above  are  to  be  recharged,  repaired,  or 
replaced  accordingly  as  soon  as  practical.  They  shall  be 

be  refilled  even  if  only  partly  discharged, 

b,  A station  number  shall  be  assigned  to  each  extinguisher. 

The  maintenance  and  inspection  record  shall  consist  of  a card 
fastened  to  the  extinguisher,  showing  dates  of  inspection, 
recharge,  or  repair,  A duplicate  record  shall  be  kept  in  the 
office,  listing  this  same  data  and  also  listing  the  type  of 
cxtingiaisher , its  location,  and  other  pertinent  informdtion, 

c*  Instruction  of  employees  in  the  use  of  extinguishers  shall  be 
given  by  demonstration  at  least  every  year.  This  can  oe  done 
best  at  the  time  when  extinguishers  are  scheduled  for  recharging. 
These  instructions  should  cover  all  shifts  and,  -if  not  all  men, 
cnough:of  them  so  tnat  there  is  a good  distribution  of  trained 
men.  The  man  responsible  for  the  maintenance  or  tne  Safety 
Engineer  would  be  best  qualified  for  this  Job,  and  he  should 
explain  the  fundamentals  of  firefighting  and  the  use  of  equipment. 
Employees  should  be  allowed  to  get  the  ”feei”  of  tne 
extinguisher. 
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C.  Maintenance  Frequency  and  Checklists  (Minimum  Requirement) 
la  All  Types  of  Approved  Extinguishers 

a«  Monthly  check  shall  be  nade  as  follows: 

Cl)  Be  sure  that  each  extinguisher  is  in  its  designated  area 
or  proper  station. 

(2)  Be  s\ire  that  the  immediate  area  and  aisles  are  clear  so 
that  the  extinguisher  is  accessible. 

(3)  Be  sure  that  signs  and/or  painted  areas  are  in  satisfactory 
condition  so  that  narking  is  conspicuous. 

(U)  Check  for  deterioration  and  dan€Lge. 

(5)  Be  sure  that  directions  for  use  are  legible. 

(6)  Check  for  hose,  nozzle,  or  orifice  obstructions. 

(7)  Check  for  tampering.  Exaniine  seals  and  pins  where  applicacle. 
2.  Pressurized  Water  Extinguishers 

a.  Semi  annual  Check 

(1)  Perform  all  items  listed  on  monthly  inspection. 

(2)  Be  sure  that  containers  are  full. 

(3)  Check  antifreeze  solution  with  a hydrometer  where 
temperatTires  may  drop  below  Uo®?. 

(»*)  Remove,  examine,  and  weigh  carbon  dioxide  cartridges.  Rep-Ecs 
them  if  there  is  a loss  of  1/2  ounce  or  more  from  the  origim 2— 
weight  stamped  on  them. 

b.  Annual  Check 

(1)  Perform  all  items  listed  on  the  monthly  and  semiannaul  checi. 

(2)  Discharge  at  least  one  extinguisher  of  this  type  as  if  at  a 
fire.  (See  General  Rules,  B~2C.) 

(3)  Make  a detailed  inspection  of  interior  and  exterior  of 
container,  including  gaskets,  hoses,  screens,  etc. 
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c.  Pive-“Year  Check 

Have  £’.  hydrostatic  pressure  test  of  the  extinguisher  conducted 
according  to  NFPA  standards  by  the  extinguisher  manufacturer,  a 
qualified  service  agency,  or  a gualified  testing  laboratory. 

3.  Carbon  Dioxide  Extinguisher 

a»  SemiannucJ.  Check 

(1)  Perform  all  items  listed  on  monthly  inspection. 

(2)  Perform  a weight  check.  A loss  of  10  percent  or  more  of 
* rated  capacity  will  require  recharging. 

(3)  Make  a detailed  check  of  all  parts  of  the  appliance, 
b.  Annual  Check 


(1)  Perform  all  items  listed  on  the  monthly  and  semiannual  check. 

(2)  Discharge  at  least  one  extinguisher  of  this  type  as  if  at  a 
fire.  (See  Genered.  Rules,  B-2C.) 


c.  Twelve-Year  Check 


Have  a hydrostatic  test  performed  by  a qualified  agency  in 
accordance  with  the  requirements  of  the  Interstate  Commerce 
Conmission  (Code  of  Federal  Regulations,  title  U9,  parts  71  to  91)* 


U.  Dry  Chemical  Extinguisher' 


a.  Semiannual  Check 

(1)  Perform  all  items  listed  on  monthly  inspection. 

(2)  Perform  a weight  check  of  the  cartridge  for  full  charge. 

(3)  Pe  rform  a weight  check  of  the  extinguisher  for  chemical. 

(1»)  On  c2xtricv,c-a  that  have  a gauge,  check  the  gauge  for  full  charge. 
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1>.  Annual  Check 

(1)  Perform  all  items  listed  on  the  monthly  and  semiannual  check. 

(2)  Make  a detailed  check  of  all  parts  of  the  appliance. 

(3)  Discharge  at  least  one  extirguisher  of  this  type  as  if  at  a 
fire.  (See  General  Rules,  B-2C.) 

5«  Foam  Extingiiisher 


a.  Semiannual  Check 

Perform  all  items  listed  under  monthly  inspection. 

b.  Annual  Check 

(1)  Have  extinguisher  recharged  by  qualified  person  or  agency. 

(2)  Discharge  at  -least  one  extinguisher  of  this  type  as  if  at  a 
fire.  (See  General  Rules,  B-2C.) 

c.  Five-Year  Check 

Rave  a hydrostatic  pressure  test  of  the  extinguisher  conducted 
according  to  NFPA  standards  by  the  extinguisher  manufacturer,  a 
qualified  service  agency,  or  a qualified  testing  lab. 


IV.  RELATED  PROCEDURES 

V.  ' RELATED  FORI^S 
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FIRE  PROTECTION 


by  M.  H.  Hubbs 

Air  Products  and  Chemicals,  Inc. 


In  the  selection  of  a location  for  air  plants  the  Engineering  Depart- 
ment usually  has  considered  the  following  points: 

1.  Atmosphere 

2.  Exposure  to  hazards  from  other  plants 

3»  Effects  of  the  plant  on  the  surrounding  area 
4.  Terrain  and  climate 
5»  Plant  access  and  communication 
6,  Fire  Protection 

We  shall  discuss  the  last  point  "Fire  Protection"  necessary  within 
air  plants. 

First  it  should  be  explained  that  a typical  7OO  T/D  plant  is  being 
used  as  an  example  in  this  discussion. 

The  Safety  Department  works  closely  with  the  project  and  design 
engineers  on  the  layout  of  the  fire  water  system,  hydrant  location  and 
reviews  the  necessity  for  sprinkler  systems.  Lists  of  first  aid  fire 
appliances  and  other  equipment  peculiar  to  fire  protection  are  also 
drawn  up  and  submitted  to  Engineering  for  purchase  and  installation. 

Considerations  for  fire  protection  are  based  on  the  size  of  the  plant 
and  the  known  hazardous  locations.  As  certain  process  features  and 
plant  layout  affect  the  fire  fighting  system,  drawings  from  the  Engi- 
neering Department  are  revised  by  the  Safety  Department  prior  to  their 
final  approval.  Of  particular  concern  at  this  time  is  the  location  of 
vents  and  relief  valve  discharges  that  may  discharge  oxygen,  and  the 
liquid  disposal  system  with  respect  to  loading  areas,  operating  areas 
and  those  locations  in  the  plant  where  any  appreciable  quantities  of 
combustibles  will  be  stored  or  handled.  After  the  general  plant  lay- 
out has  been  finalized  the  task  of  placing  the  fire  protection  system 
begins. 

Like  most  companies,  we  are  obliged  by  insurance  contract  to  submit 
certain  drawings  to  them  for  approval  on  both  new  installations  and 
revisions  to  those  now  in  existence.  Their  concern,  of  course,  is 
with  building  construction,  electrical  systems,  and  the  adequacy  of 
the  fire  fighting  equipment. 


CGA,  Air  Separation  Plant  Safety  Symposixm,  Paper  and  Discussion, 
Chicago,  Illinois,  October  15,  I6,  1963,  pp.  175-18U 
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ALUMINIZED  HEAT  PROTECTIVE  CLOTHING 


PURPOSE 

This  standard  establishes  the  criteria  for  the  selection  of  aluminized  heat 
protective  clothing  for  entry,  proximity  and  approach  to  high  thermal  areas. 

2.  SCOPE 

This  standard  applies  to  all  APCI  facilities  where  there  is  a need  for 
entry,  proximity  or  approach  thermal  protection. 

3.  GENERAL 

The  following  approved  safety  equipment  is  a basis  of  protection  unless, 
due  to  the  inclusion  of  other  activities,  a supplemental  list  will  be 
necessary.  Any  changes  to  this  standard  require  approval  by  the  Safety 
Department. 

4.  ENTRY  CLOTHING 

A.  Entry  into  total  Flame 

Fyrepel  Model  1000-00-09AG  ~ nine  layers  consisting  of  three  layers 
of  special  glass  insulation  and  two  layers  of  F^retex  (aluminized 
glass  fabric).  This  suit  will  accomodate  a self-contained  breathing 
unit. 

B.  Ambient  Temperature  to  1000^  (Proximity  Suit) 

Fyrepel  Model  8OO-OO-O9AG  - five  layers  consisting  of  three  layers 
of  special  glass  insulation,  one  layer  of  flameproofed  cotton  and 
one  layer  of  Fyretex  (aluminized  glass  fabric).  This  suit  will 
accomodate  a self-contained  breathing  \init. 

C.  Radiant  Heat  to  1500^  (Approach  Suit) 

Fyrepel  Model  500-00-09AG  - three  layers  consisting  of  one  layer  of 
vinyl  coated  glass  fabric  and  two  layers  of  Fyretex  (aluminized  glass 
fabric).  This  suit  will  accommodate  a self-contained  breathing  unit. 

D.  Miscellaneous  Thermal  Clothing  and  Equipment  (All  Fyrepel) 

1.  Kool  Mitt  - Model  64O  - 17"  gaxmtlet  mitten  for  750°  service, 
aluminized  backs. 

2.  Gloves  - Model  344  - 13"  gauntlet  for  300°  service,  aluminized  backs. 

3.  Boots  - Model  65O  - 12"  height,  aluminized  glass. 

4«  Apron  - Model  623  29"  bib  type,  flameproof  lining. 
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aluminized  tffiAT  PRarECTIVE  CLOTHING 

u.  ENTRY  CLOTHING  (Cent.) 

D,  Miscellaneous  Thermal  Clothing  and  Equipiment  (All  Fyrepel) 

5.  Hood  - Model  6l0  - with  heat  reflective  lens. 

6.  Rescue  Blanket  - Model  182-6'  x 8'  size. 

7.  Fyrurabrella  - Model  280  - to  be  used  with  fire  hose  as  a heat  shield. 

5.  VENDOR  - Kistler  Fire  and  Safety  Equipment 
122  Turner  Street 
Allentown,  Pennsylvania  18102 
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1.  PURPOSE 


This  standard  establishes  the  criteria  for  the  selection  of  safety  equipment 
and  portable  fire  extinguishers  for  a standard  tonnage  air  separation  plant. 

2.  SCOPE 

This  standard  applies  to  all  APCI  facilities. 

• 3.  general 

The  following  approved  safety  equipment  is  the  minimum  requirement  on  tonnage 
air  sep>aration  plants  constructed  following  the  date  of  this  standard.  The 
quantity  and  type  of  equipment  required  is  based  upon  an  op>erating  staff  of 
six  (6)  men  on  the  day  shift  and  two  (2)  men  per  shift  on  the  evening  and 
midnight  shift.  When  the  staffing  varies  significantly  from  these  numbers, 
this  list  must  be  reviewed  and  revised.  Supplemental  lists  will  be  required 
when,  because  of  the  inclusion  of  other  activities,  additional  safety  equip- 
ment is  required.  Any  changes  to  this  standard  require  approval  by  the 
Corporate  Safety  Department. 

4-  FIRE  PROTECTION  PQUIPMENT 

Number 

Required  Item  Model  No.  Vendor 


7 

8 
1 


CO2  Extinguishers,  15  lb. 

Dry  Powder  Extinguisher,  20  lb. 
Dry  Powder  Wheeled  Unit,  I5O  lb. 


7662-CD-I5  Ansul  # 
14349-A-20-E  Ansul  # 
IOO92-A-I5O-C  Ansul  # 


All  Ansul  extinguishers  to  be  ordered  through  the  Ansul  Company,  215  Plank 
Avenue,  Paoli,  Pennsylvania,  19301. 


§ Note  1 - Safety  First  fire  extinguishers  may  be  substituted  for 
the  Ansul  units  in  areas  where  repair  and  servicing  is 
available  at  APCI  IGD  Southern  area  facilities.  Safety 
First  extinguishers  are  available  through  the  APCI 
Bladensburg,  Maryland  facility. 

# Note  2 - All  fire  extinguishers  to  be  used  in  outside  service 
will  require  covers,  and  must  be  so  stated  on  the 
purchase  requisition. 

5.  PERSONAL  PROTECTION  EQUIPMENT 

Number 

Required  Item  Model  No.  Vendor 


18 

12  pr. 
As  needed 
1 


Safety  caps,  white  linear  Polyethylene  Bullard  70-802DM  IPCO 
Visitor  Safety  Glasses  VS  3 IPCO 
Employee  Safety  Glasses  Local  Purchase 
Safety  Harness-Parachute  Type  Miller  600LN  IPCO 


A 


All  information  htreon  is  the  confldontiol  property  of  Air  Products  and 
Chemicals,  inc.,  unlots  another  source  is  shown,  is  subject  to  return  on  de- 
mand and  must  not  be  disclosed  or  reproduced  without  prior  written  consent. 


Date 

Revised 
June  15, 


1970 


APCI  DOCUMENT 
NO. 


627.5.1 
Page 


SAFETY  STANDARDS 


TONNAGE  AIR  SEPARATION 

PLANT 

Nxunber 

Required 

Item 

Model  No. 

Vendor 

1 

Safety  Belt  w/Lanyard  (Saf-T-Pak) 

Miller  6414-N 

IPCO 

2 pr. 

Wristlets 

" 6255-YL 

IPCO 

2 

Chemical  Goggles 

Willson  303 

IPCO 

4 

Protecto  Face  Shields  - 8" 

" V-l-64 

IPCO 

4 

Cover  Goggle-Allsafe 

Hjrdron  214 

G 

2 pr. 

High  Voltage  Lineman's  Gloves 
size  10 

13-30612 

MSA 

2 pr. 

Lineman's  Leather  Protector 
Gloves 

13-38586 

MSA 

2 

Lineman's  Canvas  Glove  Bag 

13-37749 

MSA 

6 

Air-Weave  Yellow  Rain  Suita 
4 medium  - 2 large 

900  Series 

IPCO 

2 

Vinylite  Chemical  Aprons 

No.  801 

IPCO 

1 

Scott  Air-Pak  w/case  & alarm 

900000-00 

APCI* 

2 

Scott  Air-Pak  cylinders 

100000-90 

APCI* 

1 

Scott  Sling-Pak  w/case 

900002-00 

APCI* 

1 

Scott  Sling-Pak  Cylinder 

10000264 

APCI* 

2 

Fuse  Pullers,  Pocket  Style  1-100 
AMP,  600  Volt 

FP-3 

B.M. 

2 

Fuse  Pullers,  Shop  Style  60-400 
AMP,  600  Volt 

FP-4 

B.M. 

6 pr. 

Rubber  Boots  w/Steel  Toe 

Local 

Purchase 

4 pr. 

Redmont  Chemical  Gloves  - 14" 

19-934 

IPCO 

6 pr. 

Cryogenic  Gloves  - Welders 
Chrome  Leather  Gauntlet 

APCI 

2 pr. 

Welders  Goggles 

APCI 

2 

Flip-Front  Welders  Helmets 

- 

APCI 

6.  PLANT  SAFETY  EQUIFME^^^ 

Number 

Required 


Item 


Model  No. 


Vendor 


A 


1 

First-Aid  Cabinet 

Clearview  - 34 

IPCO 

1 

Stokes  Stretcher 

No.  3 

IPCO 

2 

1/2"  Rope  - 100'  w/ 5/8"  safety 
snap  on  end 

IPCO 

1 

stretcher  Bridle 

Miller  6380 

IPCO 

3 

Fire  Blankets  #20  w/canister  #6 

IPCO 

1 

Reel  of  Poly-rope  l/4"  - yellow  & 
black  - 25  lb. 

IPCO 

12 

Industrial  Flashlights  - explosion 
proof  - 2 cell 

F-81X 

S.B. 

4 

Sipco  wall  mount  Dunking  Stations 

3-S 

IPCO 

1 

flailroad  Car  mover  - land  type 
(where  applicable) 

WB-17 

A. 

2 

Railroad  Car  V/heel  chocks 
(where  applicable) 

Style  A 

A , 

CXemica/d- 
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SAFETY  STANDARDS 

627  Personnel  Protective  Equipment 

TONNAGE  AIR  SEPARATION  PLANT 


1 

1 Doz. 

2 
1 
3 

VENDOR  KEY 


Truck  wheel  chocks  - non  skid 
Willson  Earmuffs 
Douglass  Sound  Sentry 
Salt  Tablet  Dispensers 
Eagle  Safety  Plunger  Can 
Eagle  oily  waste  can 
Eagle  Safety  Can  - 1 gallon 
Signs  - R.R.  Car  connected 
(where  applicable) 

Signs  - High  voltage  - 10"  x 7" 

20  gauge 

Signs  - Folding-double  faced  - 
Watch  Your  Step  - 20  Gauge 
Signs  - No  Smoking  - 10"  x 14" 

20  Gauge 

Safe  Days  worked  board 
Eyewash  Bottle  j^^505  w/50  holder 
Portable  inspection  lights  - 
yellow  - 15  watt  - 5O'  cord 
Portable  Inhalator  - Resuscitator 
Reviva-Life  Dual  Butterfly/w  case 
Manual  Resuscitator  - Air-Viva, 
w/case 

Eye  Glass  cleaning  stations 
Carton  of  cleaning  tissues 
Speakman  Combination  Emergency 
shower-eye  wash  unit 
(where  applicable) 

Portable  oxygen  analyzer-dual 
range,  0-25  and  0 to  100^,  - 
with  dilution  valve,  green  case  - 
complete  with  leather  carrying  case 
and  strap 

Oxygen  analyzer  reactivation  kit 
Fiberglass  probe  with  24"  hose 
and  Filter 

Box  of  24  Filter  Refills 
Bar  guards-International  oranpe 
Guardair  Safety  Air  Gun 
Bo's'n's  chair  - complete 
Barrel  Rack  O2 


Model  No. 

WB-2H 

155-A 

No.  F.C. 

P-701 

906-FL 

UL-IOFS 

29-8971 

DD-81 

CH-87 

DD-134 

No.  506 

815-50 

No.  282M 

No.  9993-950 

No.  64 
No.  65 
SE-610 


K-2500 


514-011 

550-013 

550-070 
A -10 
57 -S 

Rose  21f5 
621 


Vendor 

A. 

APCI** 

APCI^f^^ 

IPCO 

IPCO 

IPCO 

IPCO 

IPCO 


IPCO 

IPCO 

IPCO 

APCI** 

APCI** 


G. 

G. 

P. 

G. 

IPCO 


- Aldon  Corp. 

3338  Ravenswood  Ave. 
Chicago,  Illinois  6D657 


AM  information  hereon  is  the  confidential  property  of  Air  Products  ond  * 

Chemicals,  Inc.,  unless  another  source  Is  shown,  is  subject  to  return  on  de-  R6ViS6Ci 

mond  ond  must  not  be  disclosed  or  reproduced  without  prior  written  consent,  Jun6  197^ 
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SAFETY  STANDARDS 

627  Personnel  Protective  Equipment 


VENDOR  KEY  (Cont. 


TONNAGE  AIR  SEPARATION  PLANT 


APCI  * 


APCI  ** 


Air  Products  and  Chemicals,  Inc. 

2900  - 52nd  Ave. 

Hyatt sville,  Maryland  20781 

Air  Products  and  Chemicals,  Inc. 

Spare  Parts  - Leetsdale 

Bussman  Manufacturing  Company 
University  at  Jefferson 
St.  Louis,  Missouri  63107 

Industrial  Products  Company 
2820  North  4th  St. 

Philadelphia,  Pennsylvania  19133 

Mine  Safety  Appliance  Company 
201  North  Braddock  Avenue 
Pittsburgh,  Pennsylvania  15208 

Ready  Made  Sign  Company,  Inc. 

12-07  44th  Avenue 

Long  Island  City,  New  York  11101 

Stewart  Brown  Mfg.  Co.,  Inc. 

839  Stewart  Avenue 

Garden  City,  L.I.,  New  York  11530 

Guardian  Safety  Equipment  Co. 

214-16  South  45th  St. 

Philadelphia,  Pennsylvania  19104 

Albert  W.  Pendergast  Safety  Equipment  Co. 
6913  Tulip  St. 

Philadelphia,  Pennsylvania  19135 


A All  informglion  h*r*on  is  lh«  conlldgnliol  propgrfy  of  Air  Prodwcit  ono 

ChomleoU,  Inc.,  unUss  onothor  tourco  Is  shewn,  U subjoci  to  rtlvra  on  dlo>  Hcvj  SCCl 
mend  ond must  not  bo  disclosed  or  roproducod  wIthoMt  isrlor  wrilton  contonl.  J Uri6  15  > 


iZit 


• 211 


SECTION 

SHEET  

2 of  5 

PURPOSE 

1,1  The  purpose  of  this  Specification  is  to  establish  the  degree  of 
cleanliness  amd  preparation  for  shipment  of  all  compressors, 
piping  and  associated  equipment  in  contact  with  oxygen  enriched 
atmospheres. 


SCOPE 

2.1 


The  cleanliness  of  all  compressors,  piping  and  associated 
equipment  in  contact  with  oxygon  enriched  atmospheres  shall 
conform  to  this  specification  unless  the  vendor  secures 
written  approval  from  the  Purchaser  for  any  exceptions. 


GUARANTEE 
3.1  The 


The  vendor  shall  assume  full  responsibility  for  the  cleanliness 
of  all  components  cleaned  to  this  specification  by  themselves 
and/or  subcontractors. 


DEFINITION  OF  CLEAN 

4.1  The  word  "clean"  as  used  in  this  specification  is  defined  as 
being  free  of  all  loose,  or  potentially  loose,  slag,  rust  and 
grit,  and  completely  free  of  all  oil,  grease,  or  other  hydro- 
carbons . 


METHODS  OF  CLEANING 

5.1  Cleaning  may  be  accomplished  by  ariy  method  selected  by  the 
vendor,  including  soaking,  scrubbing,  or  vapor  degreasing. 

5.2  Chemical  cleaning  agents  may  be  of  any  commercially  approved 
grade  or  type. 
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6.0  SEALANTS  AND  THREAD  COMPOUNDS 

6.1  All  sealants  and  thread  compounds  in  oxygen  enriched  atmospheres, 
or  used  to  contain  oxygen  enriched  atmospheres,  nrust  be  compatible 
with  oxygen. 

6.2  The  following  is  a list  of  typical  materials  knovm  to  bo  compatible 
with  oxygen.  Products  other  than  those  listed  may  be  used  if 
approved  in  writing  by  Air  Products  and  Chemicals,  Inc. 

6.2.1  Gaskets  — l/l6"  or  less  thickness,  Garlock  #900 
compressed  asbestos. 

6.2.2  Pipe  Thread  Sealants:  Teflon  Tape  — Permacel, 

New  Brunswick,  N.J.  - Ribbondope  No.  412. 

Minnesota  Mining  & Mfg.  Co.  - Pipe  Thread  Sealant 
No.  48  and  537. 

Crane  Packing  Company  — Thread-Tape. 

Fluoro  Plastic,  Inc.  — Fluoro-Tape  #26. 

6.2.3  Sealing  Compounds:  Permatex  Company,  Inc.  - 

Sealant  1516  (Note:  Sealant  1516  is  not  suitable 

for  containing  lubricating  oils.) 

6.2.4  Stud  Lubricants 


6. 2. 4.1  Oils 


Light  Oil 
Medium  Oil 
Heavy  Oil 


Hooker 
Chemical  Co. 
FS-5 
S-30 
T-80 


Halocarbon 
Products  Co. 
4-11  & 11-14 
11-21  & 13-21 
10-25  & 14-25 


NOTE:  The  above  materials  are  not  to  be  used 

with  aluminum. 


6. 2. 4. 2  Dry  Lubricants 

Alpha  Molykote  Corporation: 

Molykote  Type  Z - fine  powder 
Molykote  Microsize  - very  fine  powder. 
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6. a SEALAtjTS  AND  THREAD  COMPOUNDS  (Continued) 

6.2.5  Protective  Wax  Coating:  Halocarbon  Products  Corporation  - 

Wax  Coating  6-25  & 6-25Z. 


7.0  INSPECTION 

7.1  Parts  shall  be  considered  clean  when  it  is  determined  acceptable 

by  the  following  criteria: 

7.1.1  When  inspected  under  a bright  white  light  there  shall 
be  no  loose,  or  potentially  loose,  slag,  rust,  and 
grit,  and  completely  free  of  all  oil,  grease,  or  other 
hydrocarbons . 

7.1.2  When  inspected  under  viltra-vlolet  (black  light)  light  of 
a wave  length  between  3200  and  4000  Angstrom  units,  there 
shall  be  no  evidence  of  hydrocarbon  fluorescence. 

7.1.3  Wiping  with  clean  white  filter  paper  and  inspected  under 
bright  white  light  shall  indicate  no  evidence  of  vegetable 
or  animal  oils  (usually  not  detectable  by  ultra-violet 
light  inspection). 


8.0  PREPARATION  FOR  SHIPMENT 

8.1  All  ferrous  materials,  except  pipe,  after  being  cleaned  shall  be 
given  three  (3)  applications  of  protective  wax  coating  to  all 
surfaces.  Sufficient  time  (approximately  ^ hour)  shall  be  allowed 
between  coats  to  permit  previous  application  to  become  tacky. 

Wax  may  be  applied  using  a clean,  standard  paint  spray  gun.  Only 
dry,  oil  free  air  or  nitrogen  shall  be  used  in  spraying  the  pro- 
tective wax. 

8.2  Assemblies  ouch  as  centrifugal  compressors,  cylinders,  and  vessels 
shall  have  all  openings  closed  to  prevent  the  entrance  of  dirt  and 
moisture.  Openings  shall  be  closed  by  covering  with  clean  poly- 
ethylene sheet,  a gasket,  and  then  a steel  plate.  Covers  for 
openings  less  than  18"  in  diameter  shall  be  a minimum  of  1/6" 
thickness  and  those  over  18",  a minimum  of  1/4”  thickness. 
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8.0  ‘ PREPARATION  FOR  SHIP^JT  (Continued) 

8.3  Following  cleaning  stainless  steel,  copper  alloy  or  aluminum 
alloy  piping  and  vessels  shall  have  all  openings  sealed. 

8.4  Ferrous  piping  and  vessels,  after  cleaning,  shall  be  purged 
using  diy  oil  free  nitrogen,  and  all  openings  covered. 

8.5  Spare  Parts  — All  spare  parts  shall  be  sprayed  with  protective 
wax  as  described  above  and  sealed  in  clean  polyethylene  bags. 

Bags  shall  also  contain  tag  stating  "Cleaned  for  0;ygen  Service", 
part  name  and  niimber. 

8.6  All  packages,  boxes,  crates  and/or  skids  containing  parts  or 
assemblies  which  have  been  cleained  in  accordance  with  this 
specification  shall  have  a tag  "Cleaned  for  Oxygen  Service" 
attached  in  a conspicuous  place. 
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1.0  INTRODUCTION 

!•!  . Purpose 

The  purpose  of  this  specification  is  to  establish  a set 
of  requirements  for  centrifugal  compressors  purchased  by 
Air  Products  and  Chemicals,  Inc. 

1.2  Scope 

V/hen  this  specification  is  referenced  in  the  Purchase 
Order  or  Job  Specification,  compressor  shall  conform 
to  this  specification  unless  vendor  secures  written 
approval  from  the  purchaser  for  any  exception.  V/here 
conflict  between  this  specification  and  the  applicable 
job  specification  exists,  the  job  specification  shall 
govern. 

. 2.0  GUARANTEE 

2.1  All  equipment  furnished  shall  be  guaranteed  by  the  vendor 
to  operate  at  the  conditions  set  forth  in  the  job 
specification  of  the  order.  The  vendor  shall  assume 
full  responsibility  relative  to  the  guarantee  of  all 
equipment,  accessories,  and  parts  subcontracted  by  the 
vendor  and  furnished  under  this  specification. 

2.2  The  compressor  shall  be  designed  to  deliver  the  required 
capacity  at  the  pressure  listed  in  the  job  specification. 
Brake  horsepower  at  the  Design  and  Guarantee  Conditions 
‘including  gear  losses,  if  any,  shall  be  guaranteed.  The 

^ compressor  shall  also  be  capable  of  delivering  the 

capacity  and  pressure. at  Maximum  Volume  Conditions  vdien 
applicable. 

2.3  The  compressor  shall  be  capable  of  continuous  operation  at  _ 
rated  load  for  a minimum  of  two  (2)  years  without  shut 

down  for  maintenance  to  compressor  or  auxiliary  equipment. 
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Compressors  may  be  of  the  single  shaft  in  line  design 
or  multiple  speed  integral  gear  design. 

j 

The  thickness  of  the  casing  (pressure  containing  components) 
shall  be  suitable  for  the  specified  design  and  test  pressures 
and  shall  include  at  least  l/8"  corrosion  allowance.  The 
hoop  stress  value  at  any  point  shall  not  be  in  excess  of 
the  values  given  in  the  ASME  Unfired  Pressure  Vessel  Code, 
latest  edition,  for  the  materials  used.  Materials  for 
steel  castings  and  forgings  and  the  quality  of  any 
welding  shall  be  equal  to  that  required  by  the  code. 

All  welding  shall  be  suitably  stress  relieved. 

Compressor  casings  may  be  cast  iron  for  any  gas  except 
oxygen  with  a temperature  any  place  in  the  casing  not  to 
exceed  350°F . 

\ 

Compressor  casings  containing  any  gas,  ^cept  oxygen, 
exceeding  the  above  temperature  limitation,  or  pressure 
limitation  of  the  cast  iron  casing,  shall  be  steel. 

Casings  for  oxygen  canpressors  shall  be  cast  iron  or  nickel 
alloy.  Maximum  temperature  any  place  in  the  casing  not  to 
exceed 

Each  casing  shall  have  a securely  attache<l  nameplate 
indicating  design  operating  pressure,  design  operatxng 
^temperature,  maximum  allowable  working  pressure, 
hydrostatic  test  pressure,  flow  at  inlet  conditions, 
and  serial  number. 
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4.0  ROTORS 

4*1  Impellers  may  be  cast,  forged  or  fabricated.  Cast  impellers 
shall  be  machined  all  over  except  internal  surfaces.  V/elding 
shall  not  be  permitted  for  repair  or  balancing.  Forged  or 
fabricated  impellers  shall  be  assembled  with  countersunk 
rivets  and  rivets  shall  be  ground  flush  with  cover  and  disc. 
Assembly  by  welding  shall  be  permitted  on  fabricated  impellers. 

4.2  Individual  impellers  shall  be  subjected  to  a spin  test  of  115^ 
of  rated  speed  for  constant  speed  machines  and  120^  for 
variable  speed  machines.  After  spin  test  riveted  impellers 
shall  be  inspected  for  loose  or  defective  rivets.  Welded 
or  cast  imp>ellers  shall  be  inspected  for  cracks  by  use  of 
dye  penetrant  or  magnetic  particle  method. 

4*3  Assembled  rotors  shall  be  operated  at  110/S  of  normal  operating 
speed  in  the  casing  for  constant  speed  machines  and  115^ 
normal  operating  speed  for  variable  speed  machines. 

4*4  The  assembled  rotor  shall  be  dynamically  balanced. 

4. 5 Oxygen  compressors  shall  be  provided  with  stainless  steel 
shafts,  impellers  and  spacers  or  sleeves. 

4*6  Oxygen  compressors  shall  be  provided  with  Monel  or  bronze 

alloy  rubbing  rings  or  buttons  to  prevent  the  impellers  from 
coming  in  contact  with  the  diaphragms  or  guide  vanes  in 
case  of  thrust  bearing  failure. 

5.0  AXIAL  BALANCE 

5*1  Either  a balance  drum  or  piston  shall  be  provided,  or  the 
ccxnpressor  impellers  shall  be  arranged  to  limit  axial 
unbalance.  If  a balance  drum  design  is  used,  pressxire  on 
one  side  of  the  drum  shall  be  piped  to  the  suction  end  of 
the  compressor.  Vendor  shall  furnish  and  install  the 
balance  line. 
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TNTERSTAGE  SEALS 


Interstage  seals  shall  be  provided  to  prevent  internal 
bypassing  of  impellers.  Interstage  seals  shall  be 
stationary  and  replaceable  in  the  field.  The  seals 
shall  be  any  non  sparking  material. 


SHAFT  SEALS 


Vendor  shall  furnish  a complete  seal  system  consistent 
with  the  applicable  sealing  requirements.  System  sh^l  be 
COTiplete  with  all  necessary  solenoid  valves,  regulati^ 
valves,  pressure  indicators,  differential  pressure  indicators, 
pressure  switches,  eductors,  and  all  seal  piping,  va 
fittings.  All  utility  gas,  and  vent  gas  lines  shall  e 
manifolded  and  purchaser  shall  make  one  connection  ^ch 
system.  The  entire  system  shall  be  prefabricated,  assera  , 
and  tested  by  the  vendor. 

Casing  seals  shall  be  provided  where  the  shaft  ^erges 
through  the  casing  to  minimize  leakage.  A smll  amount 
of  leakage  of  inert  gas  or  air  to  the  atmosphere  wxll 

permitted. 

Casing  seals  shall  be  designed  to  preclude  the  migration 
of  bearing  lubricant  into  the  compressor  under  any  con- 
ditions of  starting,  normal  or  abnormal  operation. 

VJhen  required  in  the  job  specificatiorv  for  ^^7  Sas 

where  contamination  by  atmospheric  air  is  not  allowed, 
vendor  shall  supply  a seal  system  which  shall  preclude 
inward  leakage  of  air  under  any  condition  of  starting, 
normal  or  abnormal  operation. 

Oxygen  compressor  seals  shall  be  designed  for  zero  outward 
leakage  of  oxygen  and  zero  inward  leakage  of  air  or  other 
sealing  medium  into  the  oxygen  stream.  A bi^fer  gas  seal 
shall  be  permitted  and  buffer  gas-oxygen  mixture  may  be 
vented  to  one  common  vent  connection.  All  seal  piping 
valves  and  fittings  shall  be  stainless  steel  or  nonferrous. 
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8.0  BEARINGS 
8.1 


8.2 


8.3 


9.0  ADJUSTABLE  INLET  VANES 

9.1  When  adjustable  inlet  guide  vanes  are  required  by  the 
applicable  job  specification  the  first  stage  shall  have 
a movable  inlet  vane  assembly.  All  vanes  shall  be 
adjustable  and  shall  move  simultaneously. 

9.2  Compressors  equipped  with  adjustable  inlet  guide  vanes 
'shall  be  provided  with  an  air  actuated  positioner.  The 

^ operator  (positioner)  shall  have  a stall  thrust  which 
is  approximately  two  times  the  friction,  plus  inertia, 
plus  unbalanced  load  of  the  guide  vane  mechanism. 
Actuating  air  shall  be  available  at  the  pressure 
Sf)ecified  in  the  job  specification. 


Journal  bearings  and  thnist  bearings  shall  be  of  the 
precision  type  and  replaceable  without  scraping  or 
fitting.  This  requirement  is  not  intended  to  preclude 
the  use  of  shims  to  axially  locate  rotors.  A two 
directional  thrust  bearing  with  replaceable  shoes  is 
preferred. 

Bearing  housings  shall  be  furnished  with  covers  and  it 
shall  be  possible  to  insp>ect  and  replace  bearing  liners 
without  removing  the  casing  top  half,  or  the  heads  of 
vertically  split  machines.  Bearing  housings  shall  be 
furnished  with  seals  to  prevent  oil  leakage. 

Compressors  for  oxygen  service  shall  have  the  bearing 
housings  external  to  the  casing  and  distance  piece  open 
to  atmospl'iere  shall  be  provided  between  bearing  housing 
and  the  casing.  An  oil  f linger  shall  be  mounted  on  the 
shaft  to  prevent  oil  migration  into  the  casing  seal. 
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10.0  LOW  TFITERATURE  MATERIALS 

10.1  All  materials  in  contact  with  gas  below  minus  20®F  shall 
have  an  impact  strength  of  not  less  than  15  foot  pounds 
(ASTM  methods  of  impact  testing  of  metallic  materials  E23) 
at  the  lov/est  operating  temperature. 

11.0  CRITICAL  SPEEDS 

11.1  Compressors  having  stiff  shafts  will  have  the  first 
critical  speed  at  least  25^  above  maximum  operating 
speed.  Flexible  shaft  machines  shall  have  the  first 
critical  between  60  and  70^  of  rated  speed. 

11.2  Compressor  vendor  shall  determine  that  the  critical 
speeds  of  the  driver  and  gear,  if  applicable,  are 
compatible  with  the  critical  speeds  of  the  ccanpressor 
and  that  the  combination  is  suitable  for  the 
operating  speed  range. 

11.3  The  nodes  of  torsional  vibration  shall  be  at  least 
25^  away  frcm  the  operating  speed  or  any  exciting 
frequency  of  the  entire  driver-gear-compressor 
train. 

12.0  VIBRATION 

12.1  Total  peak- to- valley  amplitude  of  vibration  measured  on 
the  shaft  adjacent  to  the  bearing  shall  not  exceed  the 
following  values: 


Maximxam  Rated  Speed  Vibration 

RPM  Inches 

up  to  4000  0.002 

4001  to  6000  0.0015 

over  6001  0.001 


12.2  For  those  machines  where  it  is  impossible  to  measure 
vibration  on  the  shaft,  the  vibration  measured  in  any 
plane,  any  place  on  the  compressor  casing  or  bearing 
housings  shall  not  exceed  0.0005  inches. 
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13.0  GEARS  ■ ■ ■ 

13.1  Separate  speed  increasing  gears  shall  be  of  the  herringbone 
type  and  in  accordance  with  AG3-IA  Standard  A21,  latest  edition. 
The  gear  nameplate  horsepower  rating  shall  exceed  the 
compressor  guarcinteed  horsepower  by  20  percent.  The 
COTipressor  and  gear  shall  use  the  same  lubrication  system. 

14.0  COUPLINGS 

■"  • — * .^■11  ■ I ■ ■ II  ^ f 

14.1  All  couplings  required,  between  the  compressor  and  gear, 
gear  and  driver,  and  for  all  accessory  and  auxiliary 
equipment,  shall  be  furnished  by  the  compressor 
manufacturer. 

14.2  V/here  parts  must  be  installed  or  removed  over  the  end 

of  the  shaft,  a spacer  type  coupling,  with  tapered  fit, 
is  required.  ' 

14.3  If  required  to  permit  uncoupled  opieration,  coupling 
adapters  shall  be  provided. 

14.4  Coupling  hub  to  shaft  contact  area,  for  tajjered  bored 
couplings,  shall  be. a minimum  of  80  percent  of  the 
total  area. 

14.5  All  couplings  3600  rpm  and  above  shall  be  dynamically 
balanced. 

14.6  High  speed  couplings,  4000  rpm  and  above,  shall  be 
continuously  lubricated  from  the  canjjressor  lubrication 
system. 

15.0  PROTECTIVE  ENCLOSURES 

15.1  All  op>en  shafts,  couplings,  gears  or  other  moving  machinery 
must  be  provided  with  suitable  protective  enclosures.  This 
requirement  includes  the  compressor  as  well  as  all  auxiliary 
equipment  covered  under  this  specification. 

15.2  Protective  enclosures  shall  be  totally  enclosed.  The  enclosures 
shcill  be  mounted  from  vendor's  equipment  vAere  possible  thus 
requiring  no  foundation  mounts.  Enclosure  shall  be  easily 
removed  for  maintenance  with  bolted  connections. 
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SHEET  

1 

16.0  BASEPLATE 

16.1 

Fabricated  steel  baseplates  shall  be  provid^  under  all 
multibody  compressor  trains  and, where  practical,  tinder 
single  body  and  separate  gear  drive  units.  The  baseplate 
should  be  of  sufficient  length  to  also  support  the  gear, 
if  applicable. 

16.2 

Soleplates  shall  be  supplied  for  all  compressors  vAiere 
baseplates  are  impractical.  Soleplates  shall  also  be 
supplied  for  all  separately  mounted  equipment. 

16.3 

Laminated  shims  shall  be  supplied  under  the  compressor 
and  gear. 

16.  A 

All  hold  down  bolts  (ie.  equipment  to  baseplate  or  sole- 
plate)  shall  be  furnished  by  the  compressor  manufacturer. 
Baseplates  eind  soleplates  shall  be  drilled  and  tapped 
for  hold  down  bolts- 

16.5 

Foundation  bplts  will  be  furnished  by  others- 

17.0  GAS  COOLERS 

All  intercoolers  required  for  proper  operation  shall  be 
supplied  by  the  vendor.  An  aftercooler  shall  be  supplied 
by  the  vendor  on  all  compressors  \inless  deleted  in  the 
job  specification. 

Unless  otherwise  stated  in  the  job  specification  coolers 
may  be  manufacturer's  standard.  All  tube  bundles  shall 
be  of  the  removable  type. 

Maximum  allowable  pressure  drop  in  water  side  of  coolers 
shall  be  8 psi. 

Rupture  discs  shall  be  provided  in  the  shell  if  gas  pressure 
in  the  tube  exceeds  the  maximum  allowable  working  pressure 
of  the  shell. 
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17.0  GAS  cooms  (Cont'd) 

17.5  Coolers  shall  be  provided  with  low  point  drains  on  both 
water  and  gas  sides,  and  a high  point  vent  on  the  water 
side.  Vent  and  drain  connections  shall  be  provided 
with  valves. 

17.6  Vendor  shall  supply  all  cooler  supports  and  flexible 
mounts  where  required • 

» 

17.7  All  water  piping  and  valves  will  be  provided  by  the 
purchaser. 

17.8  Coolers  in  oxygen  service  shall  be  shell  and  tube  design 

with  gas  in  the  tube.  Hot  side  bonnets  shall  be  300 
Series  stainless  steel.  Tubes*  and  tube  sheets  shall  be 
non-ferrous.  ^ 

X 18.0  SEPARATORS 

18.1  Condensate  sep)arators  shall  be  provided  after  each  inter- 
cooler on  all  wet  gas  compressors « Condensate  separators 
shall  remove  a minimum  of  90^  of  the  condensed  moisture 
at  the  separator  operating  conditions  of  temperature  and 
pressure.  A 3/A’*  minimum  NPT  condensate  drain  connection 
shall  be  provided. 

18.2  Separator  drain  piping,  drain  valves  and  traps  will  be 
furnished  by  purchaser. 

18. 3 The  aftercooler  separator  will  be  furnished  by  purchaser. 

19.0  GAS  PIPING 

19.1  The  vendor  shall  supply  a complete  gas  piping  system 

from  the  compressor  inlet  flange  to  the  final  aftercooler 
discharge  flange,  including  all  interconnecting  gas  piping. 

*19.2  Drains  shall  be  provided  at  all  low  points  in  the  piping 

system.  Minimum  acceptable  size  for  all  drain  connections 
shall  be  3/4”  NPT.  > 
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19.0  GAS  PIPDJG  (Cont'd) 

19.3  All  piping  shall  be  designed  and  fabricated  ^ accordance 
with  American  Standard  Code  for  Pressure  Piping,  ASA  B31.1> 
latest  edition,  Sections  2 and  6. 

19.4  All  pipe  plugs  shall  be  steel  except  oxygen  service  where 
300  Series  stainless  steel  is  required.  Plugs  shall  have 
hexagon  or  round  heads. 

19.5  Pipe  sizes  of  3/8",  U",  2|",  32",  5"  and  7"  shall  not 
be  used. 

19.6  All  connections  1^"  and  larger  shall  be  flanged. 

19.7  Vendor  shall  supply  all  supports  for  the  piping  system 
with  all  supports  kept  within  the  compressor  package. 

19.8  All' piping  shall  be  fitted,  cleaned  and  assembled  at  the 
factory.  \Vhen  necessary  to  ship  loose  piping,  all  sections 
shall  be  tagged  for  easy  assembly  in  the  field.  Piping 
shall  be  thoroughly  cleaned,  flushed  with  preseinrative  and 
tightly  sealed . 

19.9  Oxygen  piping  from  compressor  to  coolers  shall  be  300  Series 
stainless  steel.  Piping  from  the  cooler  to  the  compressor 
may  be  carbon  steel  providing  the  average  velocity  does  not 
exceed  80  feet  p>er  second  at  normal  ojjerating  conditions, 
with  the  provision  that  the  section  immediately  adjacent 

to  the  compressor  for  a distance  of  two  (2)  feet  or  two  (2; 
pipe  diameters,  which  ever  is  greater,  shall  be  300  Series 
’stainless  steel. 

20.0  CHECK  VALVE 

20.1  A low  resistance  swing  type  check  valve  shall  be  provid^ 
by  the  vendor  and  shall  be  of  the  size  required  in  the  job 
specification. 
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20.0  CHECK  VALVF.S  (Cont»d) 

20.2.  Check  valves  of  6’’  size  or  larger  shall  be  equipped 

-with  a dashpot  to  prevent  slarnming  the  disc  against  the 
seat. 

20.3  Bodies  of  check  valves  for  o;qrgen  ccxnpressors  may  be 

cast  iron.  At  pressures  above  the  limits  of  cast  iron, 
the  body  shall  be  300  Series  stainless  steel.  Internal 
parts  shall  be  300  Series  stainless  steel.  Any  lubricant 
required  shall  be  oxygen  compatible  and  approved  by  the 
purchaser. 

21.0  LUBRICATION 

21.1  A complete  lubrication  system  shall  be  furnished  consisting 
of  oil  reservoir,  suction  strainer,  main  oil  pump,  auxiliary 
oil  pump,^  oil  filter,  oil  cooler,  pressure  gages,  temperature 
indicators,  automatic  switches  and  all  piping.  Lube  system 
components  shall  be  mounted  on  console  baseplate.  The 

lube  system  console  shall  be  sufficiently  rigid  to  permit 
supporting  at  each  corner. 

21.2  The  oil  system  shall  be  sized  for  adequate  capacity  to 
supply  the  compressor  and  gear  unit  lubrication  require- 
ments; and  vhen  required  by  the  job  specification,  the 
drive  lubrication  requirements,  as  well.  Oil  resei^oir 
retention  time  shall  be  a minimum  of  five  minutes  between 
normal  and  minimxmi  oil  level  based  on  normal  pump  capacity. 
Reservoir  shall  be  fabricated  steel  of  sufficient  rigidity 
to  support  any  top  mounted  equipment  without  sagging  or 

, vibration.  Interior  of  reservoir  shall  be  cleaned  free 
of  scale  and  foreign  material,  and  the  entire  inside  surface 
painted  to  prevent  rusting.  Clean  out  and  inspection  covers 
shall  be  provided  on  the  reservoir.  Connections  shall  be 
provided  for  filling,  drain,  vent,  main  and  auxiliary 
oil  pump  suction,  oil  return,  low  level  alarm,  and  oil  level 
bayonet  gage.  All  connections  shall  be  flanged,  gasketed, 
and  extend  a minimum  of  one  inch  from  the  reservoir  surface. 
Reservoir  bottom  shall  be  sloped  at  least  per  foot.  Pump 
suction  connection  shall  be  located  at  the  high  end  of  the 
reservoir  and  return  lines  at  the  low  end.  A strainer  shall 
be  provided  in  the  oil  filling  connection.  A flanged  oil 
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21.0  LUBRICATION  (Cont'd) 

21.2.  (Cont'd) 

breather  shall  be  provided  and  it  shall  be  separate  from  the 
oil  nn  connection.  The  drain  connection  shall  be  a iran^v^ 
of  3 A"  NPT  and  it  shall  be  provided  vath  gate  valve  and  plug. 

21  3 Positive  displacement  pumps  with  relief 

protection  shall  be  provided.  Unless  specif i^otherwis 
in  the  job  specification,  the  main  oil  pump  shall  be 
integrally  driven  from  the  compressor  or  gear  and  the 
spare  pump  shall  be  electric  motor  driven.  When  it  is 
impossible  to  have  an  integrally  driven  main  oil  pump,  an 
electric  motor  drive  will  be  acceptable,  but  the  spare  oil 
pump  shall  then  be  air  motor  or  steam  turbine  driven. 

Pumps  shall  have  suction  strainers • 

21.4  The  auxiliary  oil  pump  shall  be  of  same  capacity  and 
quality  as  main  pump  and  take  suction  directly  from 
the  oil  reservoir.  A submerged  type  pump  is  preferred. 

21.5  Pump  motor  starter  and  push  buttons  will  be  supplied  by 
the  purchaser. 

21.6  Turbine  drivers  shall  have  governors,  overspe^  trips  and 
be  of  the  brake  rim  construction.  A bypass  line  and 
valve  shall  be  supplied  around  the  governor  valve. 

21  7 Air  motor  drivers  shall  be  furnished  complete  with  all 
■necessary  accessories,  includii^  air  filters,  automatic 
^ oil  injection  devices,  as  applicable. 

21  8 Controls  for  the  spare  oil  pump  shall  be  so  arranged  as 
to  automatically  start  the  pump  when  the  oil  pressure 
decreases  to  a predetermined  minimimi  and  shall  continue 
to  operate  \intil  manually  stopped. 
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21.0  LUBRICATION  (Cont'4) 

21.9  A shell  and  tube  oil  cooler  shall  be  provided.  The  cooler 
..is  to  be  sized  for  the  maximuin  cooling  water  temperature 

listed  on  the  job  specification.  Vent  and  drain  connections 
of  g"  NPT  minixTum  shall  be  provided  for  both  oil  and  water. 
Drain  shall  be  equipped  with  gate  valves  and  vents  with 
globe  valves.  Tubes  shall  be  5/8"  O.D.  18  B.V/.G. 

21.10  The  oil  cooler  shall  be  constructed  of  the  following  materials: 

Shell  Steel 

Tubes  Inhibited  Admiralty- 

Tube  Sheets  Non-ferrous 

21.11  A full  flow,  twin  oil  filter  shall  be  located  downstream  of 

the  oil  cooler,  before  the  bearings.  Continuous  flow  transfer 
valves  shall  be  provided  before  and  after  the  filters  to  allow 
removal  of  one  filter  from  service  for  cleaning.  Filters  shall 
be  the  replaceable  cartridge  type.  Filtration  rating  shall  be 
25  micron  or  less.  Bypass  relief  valves  are  not  permitted 
within  the  filter  unit.  Filter  pressure  drop  shall  not 
exceed  5 psi  with  new  cartridges  operating  at  design 

system  oil  pressure,  temperature  and  flow.  The  filter  and 
filter  cartridges  must  be  capable  of  withstanding  full  system 
oil  pressure,  that  is,  relief  valve  set  pressure.  A line 
with  an  orifice  and  globe  valve  shall  be  installed  between 
filters  to  fill  either  filter  after  cleaning.  Vent  valves 
of  g"  NPT  minimum  size  shall  be  provided  at  the  high  point 
of  each  filter  and  g"  NPT  drain  connection  equipped  with 
gate  valves  shall  be  provided  at  the  low  point  of  each  filter. 

21.12  'A  bearing  header  pressure  or  flow  regulating  valve  shall 
be  installed  within  the  lube  oil  console  to  regulate  the 
pressure  or  flow  of  oil  at  the  bearings. 

21.13  All  lubrication  piping  shall  be  furnished  by  the  vendor. 

Piping  to  be  fitted,  cleaned  and  assembled  at  the  factory. 

VJhen  necessary  to  ship  loose  piping,  all  sections  shall  be 
tagged  for  easy  assembly  in  the  field.  Piping  sections 

* shall  be  preserved  and  plugged  to  prevent  foreign  materials 

from  entering  pipe  during  shipment  and  erection.  Oil  piping 
Ig  inch  and  smaller  shall  be  schedule  80  minimum  seamless 
steel  with  welded  or  flanged  connections. 
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21.0  LUBRICATION  (Cont'd) 

21.14  When  required  in  the  Job  specification,  a low  watt  density- 
heater  shall  be  provided  in  the  lube  oil  reservoir.  Heater 
shall  be  sized  to  maintain  oil  at  the  minimiain  starting 
temperature  when  the  com.pressor  is  shut  down  at  the 
minimum  ambient  temperature  specified.  Heater  shall 
be  provided  with  a thermostat.  Power  characteristics 
for  heater  elements  shall  be  as  specified  under 
auxiliary  power  and  thermostat  shall  use  control 
power. 

22.0  GAGEBOARD 

22.1  A fabricated  steel  72"  high  floor  mounted  gageboard  shall 
be  supplied.  The  front  of  the  penel  shall  be  fabricated 
of  rolled  steel  plate  with  all  raw  edges  ground  burr-free. 

All  edges  shall  be  finished  square  to  insure  tight  flush 
joints,  when  butted  together.  Substantial  welded  in  place 
framing  members  shall  be  utilized  to  provide  a rigid,  self 
supporting  unit.  Top  and  ends  shall  be  constructed  with  full 
depth  sheet  metal  turnback. 

22.2  Gageboard  shall  be  finished  with  two  (2)  coats  minimum 
DuPont  in  Eye-Ease  Light  Green  /i^J-27 6-237 07 . 

22.3  Panel  will  be  mounted  on  base  furnished  by  others. 

22.4  Nameplates  shall  be  supplied  on  the  front  of  the  psanel  for 
instrument  and  service  identification.  All  nameplates  shall 
be  laminated  black  plastic  with  white  core  and  beveled  edges. 
They  shall  be  1"  high  by  3”  long  minimum,  and  shall  be 
attached  -with  machine  screws  and  nuts.  Lettering  shall  be 
minimum  3/l6"  high  characters. 

22.5  Gage  panel  shall  contain  all  gas  pressure  gages,  seal  system 
gages,  weight  flow  controls,  anti-surge  controls  and  flow 
recorder  as  applicable.  All  gages  and  devices  shall  be 
flush  mounted. 
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22,0  GAGEDOARD  (Cont’d) 

22.6  V/hen  an  indoor  installation  is  specified,  the  oil  pressure 
gages  shall  be  mounted  on  the  gage  panel.  For  outdoor 
installation  or  oxygen  service  the  oil  pressure  gages  shall 
be  located  on  a separate  panel  preferably  mounted  on  or 
adjacent  to  the  lube  oil  console.  In  no  event  shall 
hydrocarbon  oil  lines  or  gages  be  placed  in  the  same  panel 
or  enclosure  as  oxygen  gas  lines  or  gages. 

22.7  On  gage  panels  containing  electrical  apparatus,  the  back 
section  of  the  panel  containing  such  apparatus  shall  be 
enclosed  vfith  bolted  covers  or  hinged  sheet  metal  doors. 

The  complete  electrical  installation  including  terminal  blocks 
shall  be  in  accordance  vrith  the  requirements  of  the  National 
Electrical  Code  for  General  Purpose  Installation.  Purchaser 
will  supply  115  volt,  60  cycle,’  single  phase  AC  source  or 
other  control  power  as  specified  in  the  job  specification 
with  grounded  neutral  to  the  panel.  Neutral  shall  be 
color  coded  white.  Provision  shall  be  made  for  grounding 
the  entire  panel  to  the  plant  grounding  system. 

22.8  VJire  shall  be  type  TW,  stranded  600  volt  insulation,  #14  AV/G 
or  larger.  All  wiring  to  be  connected  to  terminal  blocks 
using  pressure  type  insulated  wire  terminals,  Stakon  or 
equal.  In  addition  to  terminal  strip  identification,  each 
wire  is  to  be  tagged  at  both  ends  with  standard  electrical 
code  markings.  Wiring  and  terminals  shall  be  numbered 

and  agree  with  numbers  shown  on  wiring  diagram.  All 
wiring  connections  betv/een  panel  terminal  blocks  and 
, field  will  be  made  by  others. 

22.^  Purchaser  will  supply  instrument  air  at  the  pressure 
specified  in  the  job  specification  to  one  connection 
on  the  gageboard. 
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23.0  PRESSURE  GAGES 

23.1  Flush  mounted  gages  with  mounting  dimension  in  accortance 
with  ASA  standards,  shall  be  supplied.  Flush  gages  shall 
have  a front  flcinge  and  a back  male  connection.  The 
connection  shall  be  NPT  for  all  pressure  ranges  up 

to  800  PSIG  and  5"  NPT  for  all  pressure  ranges  from  801  PSIG 
to  10,000  PSIG.  All  gages  shall  be  Uh"  round  dial  type 
>/ith  black  figures  on  white  background.  The  case  shall 
be  of  cast  aluminum  of  solid  front  construction  with 
rear  blowout  disc.  The  crystal  shall  be  plastic.  The 
bourdon  tube  material  shall  be  phosphor  bronze  for  vacuum 
and  pressures  up  to  800  PSIG,  and  beryllium  copper  from 
801  PSIG  to  10,000  PSIG.  Other  metals  such  as  alloy 
steel,  stainless  steel,  and  monel  shall  be  used  for^special 
conditions  of  either  service  fluid  or  atmosphere,  oocke 
shall  be  forged  brass  or  bronze  for  use  with  phosphor 
bronze  or  beryllium  copper  tubes,  and  of  the  same  material 
as  the  bourdon  tube  material  for  all  others. 

23.2  Accuracy  of  0.^%  of  full  scale  (ASA  Class  AA)  required. 

Gages  shall  be  equipped  with  a zero  adjustment  pointer. 

Gage  shall  retain  calibration  vdien  subjected  to  overpressure 
as  follows: 

a.  Up  to  and  including  6OO  PSIG,  30^  over  range  pressure. 

b.  601  PSIG  to  10,000  PSIG,  10%  over  range  pressure. 

23.3  Standard  scale  ranges  shall  be  in  accordance  with  the 
following  tabulation: 

OPERATING  LIMITS  OF  GAGE 

0 - 20  PSIG 

21  - 65  PSIG 

66  - 135  PSIG 

136  - 400  PSIG 

401  - 650  PSIG 

651  - 1000  PSIG 
Vacuum  - 

Vacuum  - 10  PSIG 

Vacuum  - 20  PSIG 

Vacuum  - 200  PSIG 
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23.0  PRESSURE  GAGES  (Cont'd) 

23.4.  Vlhen  the  gage  is  to  be  used  for  oxygen  service  the  face  of 
the  dial  shall  be  inscribed,  "OXYGEN  - USE  HO  OIL". 

23.5  Gages  shall  be  U.  S.  Gauge,  Helicoid,  Crosby,  Ashcroft,  or 
equal. 

23.6  Gas  pressure  gages  shall  be  provided  on  the  gageboard  to 
indicate  the  discharge  pressure  of  each  intercooler  outlet, 
final  discharge,  and  first  stage  suction  vrtiere  the  inlet 

is  other  than  atmospheric  air. 

23.7  Lubricating  oil  pressure  gages  shall  be  furnished  up  and 
dovm  stream  of  the  oil  filter  and  at  the  most  remote 
point  in  the  lubricating  oil  header. 

23.8  On  compressors  utilizing  a diaphragm  water  cooling  system, 
a pressure  gage  indicating  circulating  pump  discharge 
pressure  shall  be  mounted  on  the  gageboaixl. 

23.9  Seal  system  pressure  gages  required  for  proper  operation 
and  balancing  of  the  system  shall  be  mounted  on  the 
gageboard. 

23.10  Differential  pressure  gages,  when  required  for  proper 

op>eration  and  balancing  of  the  seal  system,  shall  be 

furnished  and  mounted  on  the  gageboaixi.  Differential 

pressure  gages  shall  conform  to  the  general  requirements 

of  pressure  indicators. 

» 

24.0  PRESSURE  GAGE  PIPING 


24.1  All  pneumatic  signal  leads,  and  all  direct  process  connections, 
where  gas  is  compatable,  for  pressures  less  than  1500  PSIG 
(vmless  otherwise  noted  in  the  job  specification),  shall  be 
O.D.  X .O3O"  wall  copper  tubing  in  accordance  with  ASTII 
Specification  B68DPH.  All  tubing  fittings  for  this  condition 
are  to  be  Crawford  Fitting  Co.  "Swagelok." 


RCV. 

DATE 

Af»P*D 

JOB  NO. 

oBsianBiiiaH 

<MC. 

Allentown, PA. 

DATE  V15A5 

GENEIUL  SPECIFICATI0I13 
CMTRIFGUAL  COirPiESSOR 


NO. 

55O-SD-I6A 


•211 


SECTION 

SHEET 


22  of  37 


I 


24.0  PRESSURE  GAGE  PIPING  (Cont'd) 

24.2  .All  direct  process  connections  for  pressures  1501  PSIG  to 

- 3500  PSIG  or  vhere  gas  is  not  compatable  with  copj^r  s a 

be  3/8"  O.D.  X .049"  wall  seamless  stainless  steel  tuning 
fully  annealed  in  accordance  with  ASTM  Specif icatxon  9, 

TP316.  All  tubing  fittings  for  this  se^ice  shall 
Parker  Appliance  Co.,  37°  flared,  ^^aii^ess  steel,  TOIP^  , 
in  accordance  with  ASIU  Specification  A182F316  or  A276T316, 
with  inserted  Teflon  conical  seals* 

24.3  All  panel  piping  for  field  connections  are  to  terminate  at  the 
rear  of  the  panel  on  a bulkhead  bar.  Bulkhead  connections  for 
the  field  shall  be  i"  FI3PT.  All  terminal  connections  shall  be 
identified  by  a securely  fastened  engraved  plastic  n^eplate, 

l/2"  X 3/4".  All  connections  shall  be  plugged  for  shipping. 

* 

24.4  Process  gas  and  oil  pressure  piping  between  crapressor  or 
lube  oil  console  and  gageboard  will  be  furnished  by  the 
purchaser.  Vendor  shall  supply  3/4"  NPT  connections 

for  pressure  gage  piping.  Seal  system  gage  piping  sha  e 
furnished  complete  by  the  vendor. 

24.5  Pneumatic  signal  lines  between  the  gagebo^d  ^d  compressor 
or  field  mounted  control  devices  will  be  by  the  purchaser. 

24.6  All  pressure  gages  shall  be  provided  with  shutoff 

Gages  mounted  on  the  gageboard  shall  have  the  valve  locat^ 
in  the  rear  of  the  board.  Gages  operating  in  excess  of  IW  PSIG 
shall  have  an  atmospheric  bleed  valve  ^^® 

shutoff  valve.  Shutoff  valves  shall  be  5'  *^’^\"®®^^® 

■forged  steel,  Vogt  Valve  Figure  No.  9873,  and  ble^  valves 
^ shall  be  i"  NPT  needle  type  forged  steel,  Vogt  Valve 

Figure  No.  9871.  Oxygen  compressors  shall  be  equipped  with 
^ equivalent  stainless  steel  valves* 

24.7  Gage  piping  or  tubing  shall  be  supported  and  tied  down  ^ 
within  18  inches  of  the  gage,  12  inches  or  less  is  preferr^, 
if  possible.  Additional  supports  every  18  inches  are  requir  d 
on  tubing  runs  with  continuous  tubing  rack  and  tie  down 
construction  preferred* 
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25.0  TEI-tPERATURE  GAGES 


25.1  Temperature  gages  shall  be  supplied  by  the  vendor  as  listed 
below.  All  temperature  gages  shall  be  locally  mounted  in  the 
piping  or  vessels  with  separable  sockets  allowing  gage  removal 
while  the  canpressor  is  in  operation.  Gages  shall  be  mounted 
in  accessible  positions  such  that  the  gage  can  be  easily  read 
from  the  operating  floor  level. 

25.2  Temperature  gages  shall  be  5'*  round  dial  type  with  black  figures 
on  white  background,  with  units  in  degrees  Fahrenheit.  They 
shall  be  bi-metallic  element,  adjustable  "every  angle"  type, 
equal  to  Hanning,  Majo^ell  and  Moore,  Model  5-6O6OEH. 

Connections  shall  be  MNPT. 

25.3  Separable  sockets  shall  be  3/4'*  MNPT  with  FNPT  sockets  for 
the  temperature  gages.  All  separable  sockets  furnished  on  a 
particular  compressor  shall  have  a pressure  rating  equal  to 
or  greater  than  the  highest  pressure  encountered  on  that 
compressor.  Socket  well  immersion  shall  be  a minimum  of  two 
(2)  inches  in  liquid  service  and  a minimum  of  four  (4)  inches 
in  gas  service. 

25.4  Temperature  gages  shall  be  provided  to  indicate  the 
temperature  at  the  following  locations: 

a.  First  stage  inlet  except  when  gas  is  atmospheric  air. 

b.  Gas  inlet  to  each  inter  or  aftercooler. 

c.  Gas  outlet  of  each  inter  or  aftercooler. 

d.  Cooling  water  outlet  of  each  inter  or  aftercooler. 

e.  Lubricating  oil  inlet  and  outlet  of  the  oil  cooler. 

*f . Lubricating  oil  outlet  of  each  compressor  bearing  housing, 
g.  Lubricating  oil  outlet  of  each  gear  bearing  housing. 

25.5  VJhere  the  design  of  compressor  or  gear  bearing  housings  does 
not  permit  the  installation  of  a thermowell,  the  well  may 
be  cxnitted  provided  the  temperature  sensing  point  is  not  in 
a pressure  line.  If  the  design  renders  it  impossible  to 
install  dial  type  temperature  indicators,  the  vendor  shall 
provide  thermocouples  in  each  bearing  housing  and  a multi- 
point pyrometer  mounted  on  the  gageboard.  V/iring  from 

a common  thermocouple  terminal  block  on  the  compressor 
or  bearing  housing  to  the  gageboard  will  be  by  the 
purchaser. 
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25.0  TEI-1P1?P-ATURE  GAGES  (Cont'd) 

25.6  Temperature  indicators  installed  in  the  outlet  of  inter 
and  aftercoolers  shall  be  located  in  the  water  piping 
up  stream  of  the  flange . 


26.0  ELECTRICAL 


EIJITCHES 


26.1  Safety  devices  shall  be  supplied  and  installed  by  the  vendor 
with  the  compressor  for  the  services  listed  below. 

26.2  All  pressure  switches  shall  be  dual  switch, 

independent  circuits  and  adjustment  ranees  *■“ 

precision  snap  acting,  per 

udniir.um,  continuous,  inrush,  and  break  at  50^  power  factor, 
n?  volls,  60  cycles.  Switches  shall  have  salver  contacts. 
Switches  shall  repeatedly  operate  at  their  set  point  withm 
plus  or  minus  of  span. 

26  3 An  oil  pressure  switch  shall  be  provided  in  the  lubricating 
svstem  sensing  pressure  at  the  most  remote  point  in  the 
SbriLtiHrofl  header.  The  switch  shall  be  four  position 
device,  Hason-Neilen  485  or  equal,  and  arranged  to  perfom 
the  following  functions: 

Actuate  alarm  circuit  on  decreasing  oil  P^ess^e. 

Start  auxiliary  oil  pump  if  pressure  continues  to  decrease. 
Shufdol^rmS^drive?  at  the  mdnimum  safe  pressure  level. 
Provide  a permissive  start  contact  for  mam  driver. 

26.4  ’a  low  oil  level  float  switch  shall  be 

^ shall  be  mounted  on  top  of  the  reservoir.  Switch  ^hall  De 

a dual  range  S.P.D.T.  with  independent  circuits  and  adjustmen 
raSS.  S^lch  shall  confom  to  the  requirements  of  Paragraph 

26.2. 

26.5  Compressors  in  oxygen  seirvice  shall  be  provided  ^ 

high  gas  discharge  temperature  switch  follo^ving  each  com- 
pressor body  before  the  inter  or  aftercoolers. 


a. 

b. 

c. 

d. 
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26.0  ELECTRICAL  SV.-ITCHE3  (Cont'd) 

26.6  All  temperature  svd.tches  shall  utilize  remote  bulbs  vdth 
armored  capillary  tubes.  The  sensing  bulbs  shall  be  in 
separable  wells  allowing  removal  of  the  bulb  while  the 
compressor  is  in  operation.  The  switches  shall  be  dual 
switch  S.P.D.T.  with  independent  circuits  and  adjustment 
ranges.  Switches  shall  conform  to  the  requirements  of 
Paragraph  26.2. 

26.7  Low  seal  gas  and  high  eductor  pressure  switches  shall  be 
supplied  as  applicable  for  buffer  gas  sealing  system. 
Pressure  s\d.tches  shall  conform  to  the  requirements  of 
Paragraph  26.2  and  shall  be  mounted  within  the  gage  panel. 

26.8  Compressors  in  oxygen  service  shall  be  provided  with  a 
rotor  shift  shutdown  device.  The  switch  shall  have  two 
sets  of  single  pole,  double  thi*ow  contacts.  Switch  shall 
conform  to  the  requirements  of  Paragraph  26.2. 

26.9  All  switches  shall  be  wired  to  a common  teminal  block. 
Wiring  shall  conform  to  the  requirements  outlined  in 
Paragraph  22.8  and  shall  be  run  in  rigid  conduit.  On 
compressors  utilizing  a separately  mounted  lubricating 
oil  console;  a separate  terminal  box  will  be  accepted 
on  the  oil  console.  All  wiring  between  the  compressor 
terminal  block  and  oil  console  terminal  block,  if 
applicable,  to  the  gage  board  will  be  made  by  Purchaser. 


ANTI-SURGE  CONTROL 

27*1  A control  system  shall  be  provided  which  shsill  prevent 
surge  when  the  compression  system  is  subjected  to  any 
upset  up  to  and  including  a reduction  of  33^5  of  design 
flow  per  second.  The  reduction  in  flow  may  be  the  result  of 
sudden  inlet  or  discharge  throttling. 


APP'D  Lob  no. 


550-SD-I6A 


4/15/65 


MAOE  BY  G.  R.  Oehmke 


AFP  0 — J ^ Z.X. 


SCALE 


GENER,\L  SPECIFICATION 


CENTRIFUGAL  COMPRESSOR 


aw/ 

Allentown. FA. 


55O-SEP-I6A 


•211 


SECTION 
SHEET 


26  of  37 


27.0  ANTI-SURGE  CONTROL  (Cont'd) 

27.2  System  shall  be  complete  with  all  necessary  sensing  devices, 
relays  and  computers.  A manual-automatic  station  shall  be 
flush  mounted  on  the  gageboard.  The  system  shall  be  operable 
in  the  automatic  mode  regardless  of  the  mode  of  any  other 
compressor  control  system. 

27.3  A flanged,  single  or  double  ported  bypass  valve  shall  be 
supplied  by  the  vendor  and  mounted  by  the  Purchaser.  All 
bypass  piping  v/ill  be  supplied  by  the  F^irchaser.  The  bypass 
valve  shall  be  sized  to  pass  the  minimum  flow  required  for 
stable  operation  with  critical  pressure  drop  at  design 
discharge  pressure  and/or  during  startup.  Bypass  valve 
operator  shall  have  a stall  thrust  which  is  approximately 
two  times  the  friction,  plus  inertia,  plus  unbalanced  load 

of  the  valve.  Actuating  air  will  be  available  at  the  pressure 
specified  in  the  job  specification.  Valve  shall  be  capable  of 
full  stroke  in  three  seconds  or  less.  Maximum  valve  leakage 
shall  not  exceed  0.05^  of  maximum  valve  capacity.  Loss  of 
actuating  air  pressure  or  signal  shall  cause  valve  to  open. 

27. A Bypass  valves  for  compressors  having  atmospheric  air  inlet  shall 
vent  to  atmosphere  upstream  of  the  aftercooler.  On  all  other 
services  the  bypass  valve  will  be  located  downstream  of  the 
aftercooler  and  piped  to  suction. 

27.5  Bypass  valves  in  oxygen  service  may  have  cast  iron  bodies. 

At  pressures  above  the  limits  of  cast  iron  the  body  shall 
be  300  Series  Stainless  Steel.  Internal  parts  shall  be 
300  Series  Stainless  Steel.  Any  lubricants  required  shall 
^ be  oxygen  compatible  and  approved  by  the  Purchaser.  A 
normally  energized  three-way  solenoid  valve  shall  be  mounted 
on  the  valve  operator.  When  solenoid  valve  is  de— energized 
it  shall  bleed  the  air  from  the  operator  causing  the  bypass 
valve  to  close. 

28.0  COMPRESSOR  CONTROL 

28.1  The  control  system  provided  for  compressor  shall  function  in 
either  the  manual  or  autom.atic  mode  regardless  of  the  mode  of 
the  anti-surge  system  specified  in  Paragraph  27*0. 

28.2  The  type  of  control  system  shall  be  as  specified  in  the  job 
specification. 
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28.0  COMPRESSOR  CONTROL  (Cont'd) 


28.3  The  specified  control  system  shall  be  complete  with  all 
necessary  sensing  devices,  relays,  computers,  recorder 
and  throttling  device. 

28.4  ^^'hen  a constant  weight  flow  system  is  specified  it  shall 
maintain  a constant  weight  flow  with  temperature  and  pressure 
compensation  at  the  preset  value.  System  shall  be  complete 
with  xnanual-automatic  station,  set  point  station,  recorder, 
primary  element,  and  throttling  device  or  speed  control 
governor, 

28.5  When  a constant  capacity  system  is  specified  it  shall 
maintain  a constant  discharge  capacity  at  the  preset 
val.ue.  System  shall  be  complete  with  manual- automatic 

. station,  set  point  station,  recorder,  primary  element, 
throttling  device  or  speed  control  governor. 

28.6  When  constant  discharge  pressure  control  is  specified  it 
shall  maintain  a constant  discharge  pressure  at  the  preset 
value.  System  shall  be  complete  with  manual-automatic 
station,  set  point  station,  primary  element,  and  thi*ottling 
device  or  speed  control  governor, 

28.7  When  a remote  manual  control  is  specified  a manual  set  point 
station  and  throttling  device  or  speed  control  governor  shall 
be  provided. 

28.8  The  primary  flow  element  shall  be  furnished  by  the  vendor  and 
shall  be  an  insert  type  Dali  flow  tube  of  the  size  specified 

**  in  the  job  specification.  Flow  tube  shall  be  suitable  for 
installation  between  150ff  ASA  Raised  Face  Flanges.  Maximum 
unrecovered  head  loss  shall  not  exceed  three  inches  of  water 
column.  The  flow  tube  will  be  installed  in  the  Purchaser’s 
piping  following  the  aftercooler,  except  for  air  compressors 
where  the  flow  tube  shall  be  located  between  the  compressor 
discharge  flange  and  the  aftercooler.  Flow  tube  materials 
shall  be  suitable  for  the  maximum  discharge  temperature. 
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28 . 0 COMPRESSOR  CONTROL  ( Cont ' d ) 


28.9  The  flow  recorder,  when  required,  shall  have  a range  of 

0 to  150^  of  design  flow.  The  chart  shall  be  electrically 
driven  from  the  control  circuit.  Chart  shall  be  calibrated 
in  units  of  cubic  feet  per  hour  and  the  multiplication 
factor  shall  be  permanently  inscribed  within  the  recorder. 
Recorders  for  constant  weight  flow  systems  shall  be  temperature 
and  pressure  compensated. 

28.10  On  constant  speed  machines  control  shall  be  accomplished  by 
means  of  suction  throttling.  For  all  gases,  except  oxygen, 
throttling  by  means  of  adjustable  inlet  guide  vanes  is 
preferred.  For  oxygen  service  or  where  guide  vanes  are  not 
available,  throttling  shall  be  by  vendor  supplied  inlet 
butterfly  valve.  Valve  will  be  mounted  by  Purchaser  in  inlet 
piping.  Valve  shall  be  suitable  for  installation  between 
150#  ASA  Poised  Face  Flanges  and  the  valve  operator  shall  have 
the  same  stall  thrust  characteristics  as  the  bypass  valve 
operator. 

28.11  On  variable  speed  machines  control  shall  be  accomplished  by 
regulating  the  speed  .with  a pneumatic  signal  to  the  air  head 
governor. 

28.12  All  controls  and  recorders  shall  be  flush  mounted  on  the 
gageboard.  Relays  and  computers  shall  be  located  within 
the  gageboard.  Locally  mounted  transmitters  and  other 
devices  shall  be  grouped  and  supported  on  mounting  brackets 
where  practical  with  common  connections  mauiifolded. 

28.13  Throttle  valves  in  oxygen  service  may  have  cast  iron  bodies. 
Internal  parts  shall  be  300  Series  Stainless  Steel.  Any 
lubricants  required  shall  be  oxygen  compatible  and  approved 
by  the  Purchaser.  A three-way  normally  energized  solenoid 
valve  shall  be  mounted  on  the  valve  operator.  V/hen  solenoid 
valve  is  de-energized  it  shall  bleed  the  air  from  the  operator 
causing  the  thi'ottle  valve  to  close. 

28.14  Dali  flow  tubes  for  use  in  oxygen  service  shall  be  cast  iron, 
bronze,  or  stainless  steel. 
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29.0  STRAY  CUrtRENTS 

29.1  • Vendor  shall  be  responsible  for  analyzing  and  elijninating 

all  stray  currents  throughout  the  complete  compressor-gear- 
driver  system. 

30.0  TOOLS 

30.1  One  complete  set  of  all  special  tools  shall  be  provided. 

Where  more  than  one  unit,  up  ^o  a maximum  of  three,  is 
provided  at  one  location,  one  set  of  special  tools  and 
wrenches  per  location  is  acceptable.  It  shall  be  the 
responsibility  of  the  vendor's  erector  to  insure  that 
one  (l)  complete  set  of  special  tools  and  wrenches  is 

at  the  location  before  leaving  the  site. 

m 

31.0  PERF0RI4ANCE 

31.1  The  compressor  shall  be  tested  at  full  load  on  the  vendor’s 
test  stand  to  verify  design  calculations  and  obtain  data  for 
actual  performance  curves#  Compressors  beyond  the  capacity 
of  the  vendor’s  drive  equipment  may  be  part  load  tested. 

Where  a compressor  train  consists  of  two  or  more  bodies  they 
may  be  tested  individually. 

31.2  Compressor  shall  be  operated  and  data  obtained  at  120^  of 
rated  capacity,  rated  point,  surge  point  and  one  point 
approximately  halfway  between  surge  and  rated  point. 

31.3  Data  shall  be  taken  to  ascertain  operating  characteristics, 
vibration,  and  on  flexible  shaft  machines,  the  critical  speed. 

31.4  Lube  oil  system  shall  be  operated  to  check  the  operation  of 
all  valves,  gages,  and  pumps.  Turbine  driven  pumps  may  be 
operated  using  air  to  determine  proper  direction  of  rotation. 

31.5  Where  it  is  impossible  to  conduct  a full  load  performance  test 
at  the  vendor’s  factory,  the  compressor  may  be  subjected  to  a 
performance  test  after  installation  at  the  Purchaser’s  discretion. 
Test  procedures  will  conform  to  ASME  Power  Test  Code  for  Centri- 
fugal Compressors  (PTC-10).  Vendor  may  witness  test.  Results 

of  this  test  will  be  considered  binding  relative  to  compressor 
guarantee.  Any  modification  required  to  meet  guarantees  shall 
be  done  by  the  vendor  at  no  cost  to  the  Purchaser.  Any  subsequent 
tests  will  be  performed  by  the  vendor  at  no  cost  to  the  Purchaser. 
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32.0  pressi;re  vessels 

32.1  All  pressure  vessels  such  as  oil  coolers,  inter  and  after- 
coolers,  shall  be  designed  and  constructed  in  accordance 
with  the  applicable  A3ME,  State,  and  Local  Codes.  All 
vessels  within  the  scope  of  the  codes  shall  be  National 
Board  Stamped. 

32.2  All  compressor  casings  shall  be  hydrostatically  tested  at 
one  and  on-half  (1^)  times  the  pressure  it  is  possible  to 
develop  at  ma:<imum  speed  or  one  and  one-half  (I5)  times 

the  maximum  allowable  working  pressure,  whichever  is  greater. 

32.3  Water  passages  shall  be  designed  for  a minimum  operating 
pressure  of  50  psig  and  hydrostatically  tested  at  75  psig* 

33 .0  UNION  LABEL  : - •• 

33.1  Gageboard  shall  bear  the  label  of  the  United  Association  of 
Journeymen  and  Apprentices  of  the  Plumbing  and  Pipe  Fitters 
Industry  of  the  United  States  and  Canada,  and  manufactured 
by  a company  signatory  to  the  panel  board  and/or  gageboard 
union  label  agreement. 

33-2  All  piping  within  the  compressor  package  2"  and  below  shall 

be  furnished  in  random  lengths  unless  required  for  operational 
tests  in  the  manufacturer's  shop.  ^ 

33.3  Two  copies  of  a letter  confirming  that  work  has  been  performed 

in  accordance  with  these  requirements  shall  be  forwarded  prior 
to  shipment  of  the  equipment  to:  Purchasing  Agent,  Air  Products 

' and  Chemicals,  Inc. 

34.0  PROPOSALS 

34.1  Vendor  shall  submit  three  (3)  complete  sets  of  proposals. 
Proposals  shall  include  the  following. 

34*.  2 Information: 

a.  Air  Products  and  Chemicals,  Inc.  project  or  reference  number. 

b.  Manufacturer's  type  or  designation. 

c.  Complete  description  of  offering. 

d.  Complete  description  of  all  accessories. 
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34.0  PROPOSALS  (Cont'd) 

34.2  Infonnation  (Cont'd) 

e.  Vendor  information  pages  of  the  job  specification, 

f.  Price  and  terms. 

g.  DeliveiT". 

h.  Erection  supervision,  number  of  days  included  in  base  price, 
daily  rate  and  overtime  rate. 

i.  Complete  list  of  any  exceptions  taken  to  the  specifications. 

34.3  Characteristic  performance  curves  plotting  pressure,  brake 
horsepower  at  driver  coupling,  and  surge  limit  versus  capacity. 
Cumres  shall  be  plotted  using  the  data  provided  in  the  job 
specification. 

34.4  Drawings ; ; 

a.  Preliminary  General  Arrangement  Drawing  including  proposed 
location  for  all  separately  mounted  equipment. 

b.  Typical  cross  section  drawing  of  each  casing. 

c.  Schematic  of  proposed  seal  system  except  air  compressors 
with  atmospheric  inlet. 

34.5  Oxygen  compressor  proposals  shall  include  a complete  tabulation 
of  the  materials  of  all  parts  that  will  come  in  contact  with 
oxygen. 

34.6  Spare  parts  prices  for  the  following  items: 
a.  Spare  rotor. 

^ b.  Bearings,  journal  and  thrust, 
c.  Interstage  labyrinth  or  seals. 

^ d.  Casing  labyrinth  or  seals. 

e.  Speed  increasing  gear  rotating  elements. 

f.  Speed  increasing  gear  bearings. 

g.  Couplings. 
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35.0  DRAWINGS  AND  IT.'F0mTI0N 

35.1  Vendor  shall  submit  one  (l)  reproducible  certified  drawing 
of  each  of  the  following  listed  areas.  Drawing  delivery 
dates  and  schedules  shall  be  coordinated  at  time  of  purchase 
and  shall  be  included  in  the  Purchase  Order. 

35.2  Foundation  drawing  including: 

a.  Foundation  bolt  locations, 

b.  Foundation  bolting  for  auxiliary  equipment. 

c.  Foundation  details. 

35.3  General  Arrangement  drawing  including: 

a.  Total  weight. 

b.  Weight  of  heaviest  part  for  erection. 

c.  Weight  of  heaviest  part  for  maintenance. 

d.  Location  of  center  of  gravity. 

e.  Space  required  for  removing  rotor  or  impellers  and  cooler 
tube  bundles. 

f.  Locations  of  all  piping  connections  and  plugged  taps. 

g.  Size,  type  and  rating  of  all  connecting  flanges. 

h.  Locations  of  all  separately  mounted  equipment. 

35.4  Piping  Arrangement  drawing,  if  not  included  on  General  Arrangement 
d rawing , inc lud ing : 

a.  Process  gas  piping. 

b.  Cooling  water  systems  with  surge  tanks,  pumps,  etc. 

c. ,  Separator  drain  and  local  drain  valve  locations. 

d.  Pressure  gage  taps. 

e.  Seal  system  piping. 

f.  Lubrication  system  piping. 

g.  Control  systems  piping. 

35.5  Schematic  Flow  Sheets  of: 

a.  Gas  flow. 

b.  Cooling  water  flow. 

c.  Lubrication  system. 

d.  Anti-surge  and  capacity  control  system. 

Flow  sheets  shall  include  all  line  sizes,  pressures,  temperatures, 
flow  quantity,  pressure  vessel  design  rating,  and  sensing  point  of 
all  pressure  indicators,  temperature  indicators  and  switches.  All 
customer  connections  shall  be  indicated. 
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35.0  DRAWINGS  AND  1NF0R!-;ATI0K  (Cont'd) 

35*6  . Separately  mounted  inter  and  aftercooler  drav/ings  and  TIMA 
data  sheets  for  all  heat  exchangers. 

35*7  Schematic  V/iring  Diagram  showing  all  electrical  devices, 
switches  and  terminal  blocks.  All  wires  and  terminals 
shall  be  numbered. 

35-8  Instrument  List  of  all  gages,  safety  valves,  switches  and 
control  devices.  List  shall  include  manufacturer,  model, 
size,  range  and  set  point  where  applicable.  List  shall  be 
cross  referenced  with  schematic  diagrams. 

35-9  Equipment  lubrication  schedule  including  all  auxiliaries. 

36.0  REPORTS 

36.1  Within  two  months  after  receipt  of  order  vendor  shall  submit 
three  (3)  copies  of  torsional  analysis  study,  listing  natural 
frequencies,  operating  frequencies  and  exciting  frequencies. 

36.2  Within  two  weeks  following  shop  performance  test,  vendor  shall 
submit  six  (6)  copies  of  test  report.  Report  shall  include 
test  log  sheets,  calculated  performance  curves  and  typical- 
sample  calculations. 

37.0  HANDBOOK  OF  OPERATING  AND  MAINTEMANCE  INSTRUCTIONS 

37-1  Compressor  vendor  shall  supply  twelve  (12)  complete  sets  of 
bound  Operating  and  Jfeintenance  Instructions.  Delivery  date 
V shall  be  as  specified  in  the  Purchase  Order. 

37«2  Operating  Instructions  shall  be  supplied  in  sufficient  detail 
to  instruct  a technician  in  how  to  prepare  the  machine  for 
operation  (valve  and  control  positioning,  lubrication,  before- 
operation checks),  how  to  start  the  machine  (loading,  priming, 
warm  up,  as  applicable),  how  to  operate  the  machine  (normal 
. operating  adjustments,  pressures,  etc.,  tabulated  normal 
operating  conditions),  how  to  shut  down  the  machine  (valve 
and  control  positioning,  etc.). 
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37.0  HANDBOOK  OF  OPEFL\TI?.a  ;.ND  MAINTICtJANGE  INSTRUCTIONS  (Cont'd) 

37.3  Operating  Instructions  shall  include  all  necessaiy  precautions 
to  be  observed  to  prevent  damage  to  equipment  or  injury  to 
personnel  as  a result  of  failure  to  observe  certain  normal 
operating  conditions  and  procedures. 

37.4  Instructions  shall  include  a trouble-shooting  table  presenting 
possible  troubles  that  may  develop,  the  probable  causes  of  the 
troubles,  and  the  appropriate  remedies. 

37.5  Instructions  shall  specify  the  lubricants  to  be  used,  the 
frequency  and  point  of  application,  and  quantity  of  lubricants 
required  for  initial  charge, 

37.6  Specific  characteristic  curves  of  the  equipment  furnished, 
marked  for  the  designated  operating  point,  shall  be  included. 

37.7  Maintenance  instnictions  shall  be  supplied  in  sufficient  detail 
to  indicate  to  a technician  how  to; 

a.  Replace  parts  subject  to  wear  or  failure. 

b.  Make  adjustments  to  compensate  for  wear  and  specify  the 
values  and  tolerances  to  be  observed  in  making  adjustments. 

c.  Alter  the  characteristics  of  the  machine  to  increase  or 
decrease  capacity,  pressure,  etc. 

37.8  Components  and  special  tools  shall  be  adequately  illustrated 

so  that  construction  details  and  internal  workings  are  described 
to  assist  in  understanding  operation,  adjustment,  and  maintenance 
procedures . 

i, 

37.9  If  publications  are  furnished  which  cover  more  models  of  equipment 
than  actually  supplied,  the  vendor  shall  completely  annotate  such 
published  material  to  strike  out  references,  illustrations,  and 
data  pertaining  to  any  irrelevant  equipment. 

37.10  All  literature  must  be  certified  as  accurate  and  complete.  All 
literature  must  be  revised  to  incorporate  the  last  change  or 
modification  performed  prior  to  closing  the  Purchase  Order  and 
final  payment. 
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37.6  HANDPOOK  OF  OPEJ^ATBIa  ANx7  MAINTEHAHCE  INSTRUCTIONS  (Cont'd) 

37.11  All  material  supplied  by  the  vendor  shall  be  reproduced  in  a 
manner  resulting  in  clear  and  legible  text  and  illustrations. 
It  is  preferred  that  material  submitted  be  reproduced  on 

^ inch  paper  with  flowsheets  and  similar  items  requiring 
greater  length  reproduced  as  11  inch  high  foldouts. 

37.12  All  literature  must  be  marked  with  Air  Products  and  Chemicals, 
Inc.  equipment  Purchase  Order  number  and  charge  number.  In 
addition,  when  the  Purchase  Order  requires  that  the  equipment 
be  tagged,  the  items  of  literature  must  also  be  marked  with 
the  tag  number . V/here  one  item  of  literature  applies  to 
several  pieces  of  equipment  purchased  under  the  same  Purchase 
Order,  the  literature  must  be  marked  with  all  applicable 
charge  ni^bers  and  tag  numbers.  (The  charge  number  referred 
to  in  this- requirement  is  the  number  appearing  in  the  "CHARGE" 
column  of  the  Purchase  Order.) 

.38.0  PARTS  LISTS 

38.1  The  manufacturer  shall  supply  twelve  (12)  complete  parts  lists 
of  the  equipment  furnished  to  this  specification  including 
sub-assemblies,  attachments,  accessories,  special  tools,  and 
individual  parts.  Delivery  date  shall  be  as  specified  in  the 
Flirchase  Order.  The  manufacturer's  part  number  must  provide 
positive  identification  of  the  parts  listed.  The  complete  list 
may  be  made  up  of  individual  sub-assembly  lists  or  bills  of 
material.  Any  such  lists  must  be  identified  by  a master  list 
so  that  each  part  is  identifiable  as  a component  of  the  main 
equipment.  The  parts  list  shall  specify  the  quantity  of  each 
^ item  used  in  the  assenljly  or  component. 

Common  hardware  items  shall  be  completely  described  as  to  size, 
length,  nmber  of  threads,  material,  finish,  type  of  head,  etc! 
This  provision  applies  whether  or  not  a hardware  item  has  a 
part  number. 
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38.6  PART7  V-T:STS  (Cont'd)  • 

38.2  Parts  lists  shall  be  supported  by  detail  drawings,  cross- 
sectional  drawings,  exploded-view  drawings,  or  other 
illustration  material  identifying  each  part  and  keying  it 
to  the  parts  list  so  that  each  item  in  the  list  can  be 
located  on  the  illustration(s) . Items  that  cannot  be 
procured  separately,  such  as  matched  sets  of  gears,  pressed 
fit  items,  etc.,  must  be  clearly  noted. 

38.3  The  complete  parts  list  shall  carry  notations  indicating 
which  items  are  recommended  for  spares  by  the  manufacturer. 

38.4  A separate  price  list  shall  be  supplied  reflecting  current 
prices  for  all  items  appearing  on  the  parts  list. 

« 

39.0  INSPECTION  ' 

39.1  All  equipment  furnished  to  this  specification,  including 
auxiliaries,  shall  be  subject  to  inspection  by  Purchaser's 
quality  control  representative.  Purchaser's  representative 
shall  have  full  access  to  all  facilities  of  the  manufacturer 
and  its  subvendors  and  have  access  to  all  drawings,  inspection 
records,  material  specifications,  and  tests  to  fully  determine 
the  quality  of  material,  workmanship,  and  queility  control 
procedures . 

39.2  Vendor  shall  notify  the  Chief  Inspector,  Air  Products  and 
Chemicals,  Inc.  Allentown,  Pennsylvania,  at  least  72  hours 
prior  to  hydrostatic  tests,  piping  fabrication,  and  start 
of  final  assembly. 

39.3  Shipment  shall  not  be  made  on  any  equipment  furnished  to  this 
specification  until  approved  by  the  Air  Products  and  Chemicals, 
Inc.  inspector  or  inspection  has  been  waived  by  the  Air  Products 
and  Chemicals,  Inc.  Inspection  Department.  Such  release  shall 
not  relieve  vendor  of  the  responsibility  to  conform  to  require- 
ments for  material,  specifications,  and  workmanship. 
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40.0  SHIPOV  ‘ , ■ 

40.1  All  internal  surfaces  and  all  external  unpainted  surfaces 
shall  be  coated  with  a suitable  rust  preventative. 

40.2  The  ]ube  oil  system  shall  be  flushed  vdth  rust  preventative. 

40.3  Lquipment,  including  all  piping,  shall  be  painted  with 
manufacturer’s  standard  prjne  coat  or  with  paint  specified 
in  the  order. 

40.4  All  major  items  shall  be  suitably  skidded.  All  small  items 
shall  be  wrapped  in  waterproof  paper  and  boxed.  Open  pipe 
connections  shall  be  covered  with  wood  or  metal  flanges  to 
assure  tight  seals  during  transit  and  field  storage. 

40.5  All  skids  and  boxes  shall  be  marked  with  applicable  order 
number,  item  number  and  destination. 

40.6  All  skids  and  boxes  shall  be  numbered. 

40.7  A copy  of  the  packing  list  shall  be  furnished  to  the  Purchaser 
listing  contents  by  skid  or  box  number. 
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ADDEt.'DUM 

•Revisions  to  the  General  Specification  shall  be  listed  on  this  page  to 
facilitate  easy  identification  of  changes. 
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I IMT]^3!U)gTION 

* ' 1.1  rimposE  . , , ■ 

^ t I 

' The  purpose  of  this  specification  is  to  establish  a unifom  set 

of  requirenient  s for  reciprocating  compressors  purchased  by  y\ir 
Products  and  Chemicals,  Inc. 

1.2  SCOPE 

0 

All  reciprocating  compressors  purchased  by  Air  Products  and 
Chemicals,  Inc.  shall  conform  to  this  specification,  unless 
the  vendor  secures  v;ritten  approval  from  the  Purchaser  for 
any  exception.  V/here  conflict  betv/een  this  specification  and 
the  applicable  job  specification  exists,  the  job  specification 
shall  govern. 

2.0  GUARAIITEE 

2.1  All  equipment  furnished  shall  be  guaranteed  by  the  vendor  to 
operate  at  the  conditions  as  set  forth  in  the  job  specification 
of  the  order. 

2.2  The  vendor  shall  assume  full  responsibility  relative  to  the 
guarantee  of  all  equipment,  accessories,  and  parts  subcontracted 
by  the  vendor  and  furnished  under  this  specification. 

2.3  All  equipment  furnished  to  this  specification  shall  be  guaranteed 
in  accordance  with  the  V/arranty  Clause  included  in  the  Purchase 
Order. 


3.0  RUPNII3G  GEAR 


3.1  If  Journal  type  bearings  such  as  mam  bearings,  connecting  rod 
bearings,  crosshead  pin  bearings,  etc.,  are  use,  they  are  to 
have  replaceable  sheLls. 

3.2  Crossheads  with  replaceable  shoes  are  preferred. 

3.3  The  inside  of  the  compressor  crankcase  and  crosshead  housings 
are  to  be  painted  v/ith  a paint  v/hich  is  resistant  to  synthetic 
lubricants  of  the  tri-aryl-phosphate  type  (TCP).  Hot  phosphate 
treating  such  as  ’’Parkerizing”  is  an  acceptable  substitute  for 
painting. 
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'\3.0  RU!!!iT?:G  G::AI^  (Cont'd) 

3./*  On  direct  connected  synchronous  motor  driven  compressors  utilizing 
an  outboard  bearing,  the  t\-io  piece  crankshaft  design  is  preferred. 

' ’ ‘ The  stub  shaft  (motor  shaft)  shall  be  supplied  by  the  compressor 

vendor  and  sliipped  direct  to  the  motor  vendor  for  assembly  with 
the  motor  rotor.  The  stub  shaft  shall  be  designed  to  incorporate 
the  motor  collector  ring  assembly  on  the  end  of  the  shaft. 

3.5  Outboard  bearings  (v;hen  supplied)  shall  include  the  bearing  support 
pedestal  and  be  suitably  Insulated  between  the  bearing  and  pedestal 
to  prevent  stray  electrical  currents.  The  pedestal  shall  be 
separable  from  the  foundation  and  be  designed  to  facilitate  motor 
removal  when  the  pedestal  is  removed.  Insulation  shall  be  a 
minimum  of  ^ inch  thick  and  shall  not  be  painted  or  other>/ise 
treated  such  that  the  insulation  value  is  reduced.  Spherically 
seated  oil  lubricated  journal  typ^e  bearings  with  replaceable  shells 
are  preferred. 

4.0  CYLinPSRS 

4.1  Compressors  above  I50  HP  shall  have  replaceable  dry  cylinder 
liners.  Met  liners  on  large  diameter,  low  pressure  cylinrlers 
are  acceptable,  subject  to  approval  by ‘Purchaser.  Liners  are 
not  required  on  lubricated  compressors  150  HP  and  below.  All 
non-lubricated  compressors  shall  be  supplied  v.dLth  liners  except 
oxygen  compressors,  vfnere  liners  are  not  permitted. 

4.2  Liner  hardness  shall  be  a minimum  of  240  Brinell  Hardness  Humber. 

4.3  Liner  bores  shall  be  finished  as  follows: 

Suction  Pressure.  PSIG  Kaximum  doughness  (Hicroinches , rms) 

0 - 150  32 

150  - 1000  16 

1000  and  above  8 

4.4  V.’ater-to-gas  gasketed  joints  between  cylinder  heads  and  cylinders 
or  clearance  pockets  are  not  acceptable.  External,  separate 
jacket  water  piping  to  heads  and  cylinders  is  required. 

4.5  Each  cylinder  shall  carry  a nameplate  indicating  design  operating 
pressure,  maxiinuin  allowable  working  pressure,  hydrostatic  test 
pressure,  cylinder  bore  and  stroke,  and  cylinder  serial  number 
when  applicable. 
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CYLIt’PvnS  (Cont'd) 

4.6  Cj'-liiyJers  being  supplied  for  non-lube  operation  shall  be  suitably 
* protected  against  rusting  by  hot  phosphate  treating  ( "Parker izing" 

I or  equa2,).  Cylinders  to  be  used  in  other  than  oxygen  service  shall 
be  oil  dipped  ( 'Lubrited"  or  equal)  in  addition  to  the  hot  phosjihate 
treatment. 


Compressor  cylinder  valves  are  to  be  ea 
of  being  removed  v/ithout  distrubing  any 
Valves  are  to  be  designed  for  simple  ha 
nance.  Valves  installed  in  lovrer  half 
cylinders  shall  be  provided  with  holdin 
valve  in  place  ivhilc  installing  or  rem-o 
devices  shall  be  designed  to  eliminate  : 


Lsily  accessible  and  capable 
' piping  or  other  equipment . 
uidling  and  ease  of  rnainte- 
of  horizontally  mounted 
:g  springs  or  clips  to  hold 
iving  valve  covers.  Holding 
side  forces  on  the  valve 
ve  in  the  cylinder.  • 


Khich  prevent  proper  seating  of  the  valve  in  the  cylinder#  * 

Valve  seat  faces  shall  be  arranged  in  a single,  flat  plane  to 
facilitate  re-lapping# 

Valves  and  valve  parts  shall  be  designed  to  prevent  any  part  of 
the  valve  assembly  from  entering  the  sv;ept  volume  of  the  cylinder 
due  to  failure  of  the  valve  or  holding  device# 

Valve  hold-do\\Ti  devices  shall  be  of  the  single  piece  construction# 
Hold-dov/n  devices  for  large  diameter  valves  using  more  than  one 
hold-dovm  bolt  are  acceptable;  ho'ivever,  the  bolts  must  be  used  in 
conjunction  v/ith  a yoke  and  must  not  bear  directly  on  the  valves. 

Hon-lube  compressors  shall  be  equipped  vd.th  suitably  designed 
valves  having  self  lubricating  part.-  ‘t  points  of  friction  and 
movement . ■ 

Non-lube  valves  shall  be  suitably  protected  against  rusting  by 
hot  phosphate  treating  ( ‘Tarkerizing*^  or  equal).  Valves  to  be 
used  in  other  than  oxygen  service  shall  be  oil  dipped  ("Lubrited” 
or  equal)  in  addition  to  the  hot  phosphate  treatment# 

Cylinders  having  only  one  suction  or  one  discharge  valve  per 
cylinder  end  shall  have  valves  v;hich  cannot  be  installed 
incorrectly#  Qx;'/gen  compressors  must  have  valves  of  this  type 
regardless  of  the  number  used# 
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6.0  PisTcrs 

6.1  Pistons  made  of  wear  resistant  materials  or  provided  vdth 
' ' ' suitable  v/ear  resistant  riding  surfaces  are  preferred.  The 

wear  resistant  nvaterials  may  be  applied  over  the  entire  piston 
> • contact  area  or  incorporated  as  "wear  bands"  or  "rider  rings". 

The  v;ear  resistant  material  shall  be  softer  than  the  cylinder 
liner  and  shall  be  according  to  the  follov.'ing  schedule: 


Service 

t 

Material 

■^^Maxlmum  Unit  Loading 

Lubricated 

Babbitt 

5 PSI 

Lubricated 

Bronze 

8 

Lubricated 

Filled  Teflon 

5 

Non- Lubricated 

Filled  Teflon 

3 

^ The  unit  loading 

is  based  upon  120 

“ arc  of  contact. 

6.2  V/ear  bands,  v/hen  used,  can  be  either  molded  in  place  or  be  an 
assembled  part  such  as  v/ith  a sectional  piston.  In  either  case, 
the  v/ear  band  must  be  held  firmly  in  place  and  bottom  in  the 
piston  groove  around  the  entire  periphery  of  the  piston.  Cold 
worked  or  "hammered  in"  type  material  such  as  Allen  metal  ring^ 
are  not  acceptable. 

6.3  Pistons  not  supplied  with  wear  resistant  surfaces  shall  be^ 
surface  treated  to  facilitate  run-in  during  initial  operation. 

6.4  Aluminum  pistons  shall  have  steel  inserts  in  the  piston  rod 
attachment  area  to  reduce  the  unit  loading  from  the  piston  rod 
nut  and  collar.  The  piston  rod  and  piston  shall  be  designed  to 
prevent  creep  of  the  aluminum. 

6.5  Pistons  to  be  used  in  non-lubricated  service  shall  be  suitably 
protected  against  rusting  by  hot  phosphate  treating  ( "Parkerazing" 

- or  equal).  Pistons  to  be  used  in  other  than  oxygen  service  shall 
be  oil  dipped  ("Lubrited"  or  equal)  in  addition  to  the  hot 
phosphate  treatment. 
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7.0  PISTOM  hti:g3 


Lubricated  compressor  cylinders  shall  be  equipped  with  bronze 
alloy  piston  rin;;s.  V/here  size  permits,  the  rings  shall  be 
centrifugally  cast. 

Single  piece  pretensioned  rings  shall  be  used  where  sizing 
permits  and  they  shall  have  an  angle  cut  joint.  If  segmental 
rings  are  used  they  shall  be  three  piece  v/ith  radially  step 
cut  joints  employing  a bronze  alloy  expander  spring.  V/here 
leakage  rate  is  critical  with  light  gases,  seal  type  joints 
are  acceptable. 

Non-lubricatcd  compressor  cylinders  shall  be  equipped  vrlth 
self  lubricating,  filled  Teflon  piston  rings. 

Filled  Teflon  rings  shall  be  of  one  piece  construction  with  , 
butt  cut  ends.  If  an  expansion  device  is  required  to  expand 
the  piston  rings  it  must  be  of  a material  v;hich  v/ill  not  damage 
the  cylinder  or  piston  in  the  event  it  comes  in  contact  with  the 
cylinder  bore.  If  segmental  rings  are  required  they  shall  have 
radially  step  cut  joints.  If  an  expansion  device  is  required 
it  must  be  as  described  above. 


PISTON  RODS 


Comjjressors  above  150  HP  utilizing  carbon  steel  piston  rods 
shall  have  the  piston  rods  surface  hardened  to  a minimum  of 
500  }3rinell  Hardness  Number  in  the  pressure  packing  and  oil 
scraper  ring  travel  area.  Compressors  utilizing  stainless  steel 
or  mionel  piston  rods  shall  have  special  packing  and  scraper  rings 
which  iV'  softer  than  the  piston  rod. 

Piston  rods  exceeding  three  (3)  inches  in  diameter  shall  be 
undercut  in  the  piston  section  to  facilitate  tightening  of  the 
piston  nut  and  to  allow  elastic  stretch  of  the  rod  to  maintain 
tightness.  Tapered  piston  fits  are  not  permitted. 

Piston  rods  utilizing  thermal  lengthwise  shrinkage  of  the  rod 
to  insure  tightening  of  the  piston  nut  are  acceptable.  The 
vendor  is  to  supply  the  heater(s)  required  to  loosen  and  tighten 
the  piston  nut. 
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8.0  FISTOM  RODS  (Cont'd) 

8*4  Piston  nuts  and  crosshead  nuts  shall  have  positive  locking 
^ devices  to  prevent  loosening  of  the  nut  or  rod. 

p ■ 

8.5  Compressor  handbooks  must  include  proper  assembly  instnictions 
for  thennal  or  mechanical  tightening. 

9.0  PISTON  ROD  PACKING 

9.1  Piston  rod  pressure  packing  shall  be  full  floating  v/ith  segmental 
rings  and  assembly  springs.  Coil  springs  shall  be  Inconel. 

9.2  Lubricated  packing  rings  shall  be  tinnized  bronze  or  filled  Teflon. 
Filled  Teflon  rings  shall  have  reinforcing  bronze  back-up  rings. 

9.3  Non- lubricated  packing  shall  be  filled  Teflon  v/ith  reinforcing 
bronze  back-up  rings. 

9.4  Packing  vents  are  to  be  supplied  on  all  compressors  handling 
flammable  gas,  toxic  gas  or  oxygen.  Unless  othervmse  specified 
non-vented  packings  are  acceptable  on  compressors  handling  air 

or  inert  gases,  hlien  vented  packings  are  supplied,  the  vents  shall 
be  piped  from  the  packing  to  a connection  on  the  inside  surface  of 
the  distance  piece  housing  by  the  vendor.  The  distance  piece 
housing  shrill  be  drilled  through  and  tapped  to  3/4  incli  NFT  on  the 
outside  surface  for  Purchaser's  connection.  All  distance  pieces 
shall  have  their  packing  vent  connections  at  the  same  relative 
location. 

9.5  Lubricated  packing  in  use  at  pressures  of  1000  PSI  and  above  shall 
have  a1  1 ast  one  full  cup  width  pressure  breaker  ring  adjacent  to 
the  cylinder. 

9.6  Lubricated  packing  in  use  at  pressures  of  1000  PSI  and  above  and 
all  non- lubricated  packing  shall  be  v/ater  cooled.  On  compressors 
with  closed  jacket  water  systems  the  jacket  water  shall  be  used 
and  shall  be  fed  from  the  coolest  portion  of  the  system.  Pro- 
visions must  be  made  to  assure  adequate  water  flow  through  the 
packing  case.  The  water  cooling  system  shall  be  supplied  by  the 
compressor  vendor  as  an  integral  part  of  the  cooling  water  system. 

9*7  Oxygen  compressors  shall  have  w^ater  cooled  bronze  alloy  packing 
cases  completely  piped  as  described  above. 
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10.0  DISTANCE  PIECKS 

10.1  Comprcsoors  in  service  vith  fl;umable  gas,  toxic  gas  or  oxygen 
sh^l  have  a double  corapartment  distance  piece.  The  compartment 
adjacent  to  the  cylinder  and  pressure  packing  shall  be  gas-tight 

^ slight  purge  pressure  to  be  maintained.  A piston  rod 
sealed  to  the  rod,  shall  be  incorporated  in  this 
compartment  on  non-lubricated  compressors. 

The  compartment  adjacent  to  the  crankcase  shall  be  open  to  the 
atmosphere  except  on  compressors  for  outdoor  installation  where 
weathertight  enclosures  v.'ith  suitable  weatherproof  vents  are 
required.  Oxygen  compressors  shall  have  a piston  rod  oil  flinger 
sealed  to  the  rod,  in  this  compartment,  in  addition  to  the  other 
compartment. 

10.2  Compressors  in  service  v;ith  air  or  inert  gas  w'here  leakage  rate 
as  not  critical  shall  have  a standard  open  distance  piece. 
Compressors  intended  for  outdoor  installation  shall  have  a standard 
weatherproof  distance  piece  with  suitable  weatherproof  vents. 

10.3  Compressors  specified  vmth  critical  leakage  rate  shall  have  multiple 
disoance  pieces  and  oil  control  devices.  The  design  is  at  the 
discretion  of  the  vendor  but  subject  to  the  Purchaser's  reviev/. 

10. Distance  pieces  shall  have  sufficient  tapped  openings  in  the 
housings  to  permit  oil  drainage,  coolant  inlet  and  outlet, 
lubricant  feed,  purge  flov/,  etc.,  v.-here  they  are  required  v.lthout 
requaring  connections  through  the  access  openings  or  cover  panels. 

10,5  Oxygen  compressors  shall  have  at  least  one  hinged  distance  piece 
cover  per  housing  allovdng  easy  access  for  internal  inspection. 

The  CO  must  seal  v/hen  closed  and  have  retaining  devices  v/hich 
are  easily  opened  by  hand  without  the  use  of  tools. 

PISTON  ROD  OIL  COETHOI.  RINGS 

11.1  The  crankcase  bulkhead  shall  have  full  floating  segmental  metallic 
oil  scraper  I'ings.  Compressors  with  hardened  piston  rods  shall  be 
equipped  witli  tin  coated  cast  iron  scraper  rings.  Compressors  v.’ith 
soft  rods  shall  be  equipped  with  scraper  rings  of  a material  softer 
than  the  piston  rod. 
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11.0  PiSTo:i  noD  oil  co:;TnoL  riugz  (cont»d) 

11,2  All  conipressors  equipped  with  lubricated  cylinders  shall  be 
designed  to  prevent  carryover  of  synthetic  lubricants  from 
compressor  cylinders  to  the  cranlccase,  and  to  prevent  carryover 
of  crankcase  oil  into  compressor  cylinders.  Compressors  having 
a distance  piece  space  between  the  pressure  packing  flange  and 
the  oil  scraper  case  flapige  v;hich  is  less  than  the  stroke  of  the 
piston  shall  have  extra  oil  scraper  rings.  These  extra  oil 
scraper  rings  shall  be  designed  to  scrape  excess  cylinder  and 
pressure  packing  oil  off  the  rod.  The  oil  from  this  extra 
scraper  section  shall  be  drained  into  the  distance  piece. 

12.0  FRAI-IE  AND  RUIIIIIIG  GEAR  LUBRICATION 

12.1  A positive  pressure  lubrication  system  shall  be  provided  for 
the  frame  und  running  gear.  Horizontal  compressors  under  150  k? 
may  employ  splash  lubrication. 

12.2  The  oil  pump  for  all  compressors  1000  HP  and  above  shall  be 
driven  by  a separate  electric  motor.  Below  1000  HP,  franie 
driven  pumps  will  be  acceptable.  A manual  priming  pump  shall 
be  provided  v/hen  frame  driven  oil  pumps  are  supplied. 

12.3  An  oil  pump  suction  strainer  shall  be  provided.  The  strainer 
shall  be  either  a “perforated-pipe”  type  located  in  the  compressor 
crankcase  or  a “basket”  type  located  in  the  oil  pump  suction  piping. 
Either  type  must  be  readily  accessible  for  cleaning. 

12.4  On  all  compressors  lOCO  HP  amd  above,  shell  and  tube  type  oil 
cooler*'  f hall  be  provided.  Thermostatic  control  shall  be  provided 
to  mal  .ain  proper  oil  temperature. 

12.5  All  compressors  using  a pressurized  oil  system  shall  have  oil 
filters  filtering  the  total  oil  flov;  to  the  bearings.  Filtei's 
shall  be  the  replaceable  cartridge  type  or  cleanable  metal  edge 
type.  Filtration  rating  shall  be  40  micron  or  less.  Bypass  relief 
valves  are  not  permitted  within  the  filter  unit.  Filter  pressure 
drop  shall  not  exceed  5 PSI  v;ith  new  cartridges  operating  at  design 
system  oil  pressure,  tem.perature  and  flow.  The  filter  and  filter 
cartridges  must  be  capable  of  v/ithstanding  full  system  oil  pressure, 
that  is,  relief  valve  set  pressure.  A differential  pressure  gage 
with  shutoff  valves  shall  be  supplied  on  the  filter  unit. 
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12.0  FRAIS  A!ID  0EA;l  (Cont'd) 

12*6  All  lubrication  piping  shall  be  furnished  by  the  vendor.  Piping 

tie  fitted,  cleaned  and  assembled  at  the  factory.  IVhen  necessary 
to  ship  loose  piping,  all  sections  shall  be  tagged  for  easy  assembly 
in  the  field.  Piping  sections  shall  be  preserved  and  plugged  to 
prevent  foreign  materials  from  entering  pipe  during  shipment  and 
erection.  Oil  piping  1^  inch  and  smaller  shall  be  schedule  80 
miniinujTi  seamless  steel  with  v/elded  connections.  Flexible  joints, 
seals,  and  gaskets  shall  be  suitable  for  use  with  synthetic  lubri- 
cants as  well  as  the  normal  crankcase  oil. 

12,7  The  system  shall  be  protected  by  a suitable  internal  relief  valve 
located  in  the  oil  pump  and/or  by  an  external  relief  valve  located 
dovmstream  of  the  pump  in  the  system  piping  prior  to  any  shutoff 
valve . 

13.0  CYLINDER  LUBRICATION 

13.1  It  is  implied  that  non- lubricated  compressors  refer  to  compressors 
having  no  lubrication  to  the  cylinders,  valves  and  packing. 

13.2  On  lubricated  compressors  a mechanical  force  feed  lubricator  with 
vacuum  type  feeds  shall  be  provided  for  lubrication  of  compressor 
cylinders  and  packings.  The  lubricator  must  be  driven  by  an  elec- 
tric motor  on  compressors  500  HP  and  above.  Belov/  500  HP,  the 
lubricator  may  be  driven  integrally  from  the  compressor.  When  a 
separate  motor  drive  is  used,  an  electriccil  interlock  which  makes 
it  impossible  to  start  the  compressor  motor  until  the  lubricator 

is  ininning  v/ill  be  provided  by  the  Purchaser.  When  the  lubricators 
are  driven  integrally  from  the  compressor  they  must  be  of  the  type 
which  can  be  hand  primed  before  starting  the  compressor. 

13.3  All  lubricated  compressors  must  be  designed  for  operation  with 
synthetic  cylinder  lubricants  of  the  tri-aryl-phosphate  type. 

This  includes  the  lubricator,  compressor  cylinder  assemblies, 
pressure  packing,  coolers  and  any  other  sections  of  the  compressor 
coming  in  contact  with  the  cylinder  lubricant. 
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13.0  CYLII’DER  LUBRICATIO;?  (Cont'd) 

13.4  Lubrication  shall  be  provided  to  each  cylinder  and  packing  case 
in  accordance  with  the  following  schedule: 


blinder  Bore 


Kinlmuin  Number  of 
Feed  Points 


Inches  Cylinder  Packing 

Up  to  10”  2 1 

10  to  24  3 1 

to  34  4 1 

34  and  over  5 1 

If  desired  by  the  vendor,  one  of  the  cylinder  feed  points  may  be 
located  in  the  inlet  line;  hoA-/ever,  each  cylinder  bore  must  have 
a minimum  of  two  feed  points  spaced  a miniiaum  of  90  degrees  apart. 

For  cylinders  in  service  2000  PSI  and  above,  a mininium  of  two  (2) 
packing  oil  feeds  are  required. 

13.5  A laminated  plastic  legend  plate  shall  be  attached  to  the  lubri- 
cator indicating  location  of  each  oil  f.eed,  such  as  first  stage 
upper  cylinder  bore*  The  plastic  shall  be  impervious  to  synthetic 
fluids* 

14.0  COOLING  SYSTIIM 

14.1  A complete  cooling  water  system  shall  be  supplied  to  provide  gas 
intercooling,  gas  aftercooling,  cylinder  jacket  cooling,  packing 
cooling  I’nd  lubrication  system  cooling.  The  system  shall  be  com- 
plete i h all  heat  exchangers,  interconnecting  piping,  control 
valves,  sight  glasses,  low  point  drains  and  drain  valves,  high 
point  vents  and  vent  valves*  Only  one  water  inlet  and  one  outlet 
connection  shall  be  provided  for  the  cooling  tower  water*  The 
cooling  water  system  shall  be  suitable  for  operation  \^th  cooling 
tower,  norainal  back  pressure  of  20  - 30  PSIG.  Open  sight  flov; 
funnels  are  not  permitted. 

14*2  All  compressors  1000  HP  and  above  shall  be  provided  with  a separate 
closed  jacket  water  cooling  system*  This  system  shall  include  shell 
and  tube  type  v;ater-to-water  heat  exchanger,  thermostatic  temperature 
control  valve,  electric  driven  v;ater  circulating  pump,  open  expansion 
tank,  .manual  control  valves,  sight  flov/  glasses,  interconnecting 
piping,  lov/  point  drains  and  drain  valves.  On  compressors  below 
1000  HP  the  jacket  water  cooling  system  may  be  in  series  with  the 
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■lA.O  COOLTi:g  SYGTE?':  (Cont'd) 

1^*2  (Cont'd) 

gas  cooling  system.  Series  flo\/  Jacket  water  cooling  systems 
shall  include  manual  control  valves,  sight  flow  glasses,  inter- 
connecting piping,  low  point  drains  and  drain  valves,  and  bypass 
piping  for  excess  intercooler  water  flov/. 

14*3  Unless  otherwise  specified,  vendor’s  standard  shell  and  tube  type 
cooler  shall  be  provided, 

14.4  All  water  cooled  coolers  are  to  be  machine  mounted.  Vendor  shall 
provide  cooler  and  cylinder  supports.  All  cooler  tube  bundles 
shall  be  removable.  Small  pipeline  type  coolers  may  be  remotely 
mounted  but  must  include  adequate  supports, 

14 • 5 Blov/out  discs  shall  be  provided  in  the  cooler  shell  if  gas  pressure 
In  the  tubes  exceeds  the  shell  maximum  allowcible  v/orking  pressure. 
All  blov/out  discs  shall  be  manifolded  by  the  vendor.  Purchaser 
shall  supply  one  drain  connection. 

14«6  Maximum  allowable  pressure  drop  from  intake  v;ater  manifold  to 

discharge  water  manifold  shall  be  10  PSl  when  parallel  v/ater  flow 
system  is  used  for  the  coolers,  15  PSI  is  allowable  when  series 
flov/  through  cylinder  Jackets  is  used  on  compressors  urder  1000  HP. 

14*7  Interstage  pressure  drops,  through  cooler,  separator,  piping,  and 
bottles,  per  stage,  shall  not  exceed  the  following: 

— 0.09  p®*7  p 3^3  interstage  pressure  in 

poTinds  per  inch^  absolute. 

14*8  Coolers  in  use  on  lubricated  compressors  or  compressors  handling 
wet  gas  shall  be  mounted  such  as  to  be  self  draining  on  the  gas 
side  and  drain  in  the  direction  of  the  normal  gas  flow.  Any 
jx>ckets  or  traps  where  lubricant  or  moisture  can  collect  must  be 
provided  with  a drain  valve. 
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'15.0  SEPAR''T0R3 

15.1  Condeniiate  separators  shall  be  provided  after  each  intercooler 

, and  aftercooler  on  all  wet  compressors.  Condensate  separators 

shali  remove  a inininium  of  ^G%  of  the  saturated  moisture  in  the  gas 
at  the  separator  operating  conditions  of  temperature  and  pressure.  , 
Vendor's  coridensate  separators  shall  be  provioed  to  meet  this 
requirement  unless  othei^wise  specified  in  the  job  specification. 

15.2  Condensate  separators  shall  have  a minimum  of  2 hours  holdup 
capacity  based  upon  inlet  gas  conditions  and  coolant  conditions 
as  specified  in  the  job  specification. 

15.3  Lubricated  dry  gas  compressors  shall  be  provided  vd.th  oil  separators 
after  each  stage  of  compression  to  prevent  liquid  oil  carryover. 

These  separators  shall  be  adequate  to  prevent  liquid  oil  carryover 
regardless  of  cylinder  lubricant  t3q>e  and  feed  rate.  , 

15.4  Oil  separators  shall  have  a minimum  of  eight  hours  holdup  capacity 
based  upon  vendor's  recommended  maximum  cylinder  lubricant  feed  rate. 

Separators  shall  be  provided  vfith  a drain  connection  and  drain  valve. 
Section  1?.3  of  this  specification  describes  the  piping  and  valve 
requirements. 

16.0  PULSATION  PJd 

16.1  Adequate  pulsation  dampening  shall  be  provided  to  limit  pressure 
pulsations  within  the  compressor  system.  The  allowable  peak-to- 
peak  pressure  pulsations,  expressed  as  a percentage  of  the  absolute 
line  pressure  at  that  point,  are  listed  belov/: 


Com  't  3Sor  Category 

Inlet 

Discharge 

500  H?  and  above  with 
atmospheric  air  inlet 

2% 

2% 

500  HP  and  above  v/ith  other 
than  atmospheric  air  inlet 

% 

2% 

Below  500  HP 

% 
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'16.0  pulsatio:j  dampk:h:g  (cont^d) 
16.1  (Cont*d) 


The  inlet  and  discharge  of  the  compressor  system  shall  be 
inter})reted  as  the  inlet  and  discharge  piping  to  and  from  the 
compressor.  The  length  of  piping  considered  to  be  a oart  of 
the  compressor  system  shall  be  equal  to  one-quarter  (7^)  wave 
length  of  the  fundamental  compressing  frequency.  The  piping 
length  shall  extend  upstream  from  the  inlet  nozzle  of  the 
suction  bottle  and  dovanstream  from  the  exit  nozzle  of  the  final 
discharge  bottle. 

Interstage  pulsations  shall  be  adequately  dampened  to  prevent 
excess  vibrations  v/ithin  the  compressor  package  and  to  assure 
proper  operation  of  the  compressor.  Mechanical  vibrations  of 
the  coolers,  piping,  separators  and  surge  vessels  shall  be 
limited  to  the  following  peal^-to-peak  amplitudes  at  the  corres- 
ponding frequencies. 


liax.  Amplitude 

.015'*  Q 
.005”  ^ 
.002”  9 


Frequency 

rotating  frequency 
compressing  frequency 
any  higher  harmonics 


The  compressor  package  shall  be  interpreted  as  all  of  the 
equipment  covered  under  this  specification.  The  compressor 
package  shall  be  entirely  self  contained  on  its  foundation, 
except  for  customer  connections.  No  supports  to  customer's 
adjoining  equipment  or  buildings  shell  be  permitted.  All 
vibrate or.3  as  listed  above  shall  be  relative  to  the  compressor 
frame  , ij icent  to  the  foundation  or  the  frame  rails  or  sole  plates, 
Vibrations  in  excess  of  the  above  amount,  v/hich  are  caused  by 
pulsations,  shall  be  corrected  by  dampening  the  pulsations. 
Mechanical  vibrations  v,^hich  are  unrelated  to  pulsations  shall  be 
suitably  contained  by  bracing  v/ithin  the  compressor  package. 
Bracing  must  be  neat  and  orderly  and  not  interfere  with  normal 
maintenance  to  the  compressor.  Excess  vibrations  related  to 
pulsations  of  less  than  five  (5)  per  cent  of  the  absolute  line 
pressure  at  that  point  may  be  braced  in  lieu  of  further  pulsation 
dampening . 

16.3  Field  modifications  to  reduce  pulsations  or  reduce  vibrations 
shaJJ.  be  entirely  the  responsibility  of  the  vendor. 
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17.0  GAS  PIPING 


17 -.1  The  vendor  sliall  furnir.h  a gas  piping  package  for  the  compressor, 
complete  from  the  inlet  flange  of  the  inlet  manifold  or  surge 
bottle  to  the  discharge  flange  of  the  final  separator  following 
the  aftercooler.  The  piping  package  shall  include: 

a.  Pulsation  dampening  system. 

b.  Gas-to-v;ater  inter  and  aftercoolers. 

c.  Condensate  or  oil  separators  v.'hen  required. 

d.  All  interconnecting  gas  piping. 

17.2  Low  point  drains  and  valves  shall  be  provided  at  all  lo'w  points 
in  the  piping  system.  Valves  are  to  be  equipped  with  removable 
seats  and  plugs.  Minimum  acceptable  size  for  a.11  drain  piping 
and  valves  shall  be  3/A"  HPT.  Drain  piping  shall  be  a minimum  of 
Schedule  80  and  welded.  Valves  shall  be  threaded  and  backwelded 
on  the  pressure  side. 

17.3  Moisture  separators  in  v.et  gas  service  and  all  oil  separators 
shall  have  manual  drain  valves  only.  Valves  and  piping  shall 
be  as  specified  in  section  17.2.  Vendor  shall  provide  locally 
mounted  drain  valve  with  sufficient  piping  to  gain  access  to 
valve.  The  remainder  of  the  separator  piping,  together  v/ith 
the  blowdov.Ti  header,  shall  be  provided  by  Purchaser. 

17.  A Bypass  unloading  shall  be  provided  to  adcquatc3.y  unload  the 
compressor  during  starting  and  stopping.  Final  discharge 
unloading  plus  necessary  interstage  unloading  shall  be  provided 
to  limit  compressor  starting  and  pullin  torque  to  twenty  (20) 
per  cent  of  full  load  torque.  Unloading  valves  shall  have 
removable  seats  and  plugs.  The  final  discharge  unloading  valve 
shall  ■ a required  regardless  of  starting  torque  and  shall  be 
suitable  for  continued  throttling  without  damage  to  the  valve. 
V/here  the  aftercooler  is  mounted  and  piped  by  the  Purchaser  the 
final  bypass  piping  vd.ll  also  be  provided  by  the  Purchaser. 

Final  stage  unloading  shall  be  following  the  aftercooler  separator. 

17.5  All  bypass  unloading  valves  shall  be  operable  from  the  same  side 
of  the  compressor  and  shall  be  operable  from  the  floor  level. 

Valve  stands  with  valve  stem  extensions  are  permitted  v;hen  good 
piping  design  dictates  remote  valve  locations.  Chain  operated 
valve  wheels  are  not  permitted. 

17.6  The  bypass  lines  shall  be  either  manifolded  for  customer's 
connection  or  piped  to  the  compressor  inlet  depending  upon  the 
individual  job  specification. 
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■ 17.0  GAS  ni-TKa  (Cont'd) 

17i7  Vendor  shall  supply  all  supports  for  tho  piping  system  with  all 
supports  being  within  the  compressor  package  or  compressor 
‘ ■ foundation. 

17.8  All  piping  shall  be  fitted,  cleaned  and  assembled  at  the  factory.  - 
Vi/hen  necessary  to  ship  loose  piping,  all  sections  shall  be  tagged 
for  easy  assembly  in  the  field.  Piping  shall  be  thoroughly  cleaned, 
flushed  with  preservative  and  tightly  scaled. 

17.9  All  piping  shall  be  designed  and  fabricated  in  accordance  with 
American  Standard  Code  for  Pressure  Piping,  ASA  B31.1  (1955) 

Sections  2 and  6. 

17.10  All  pipe  plugs  shall  be  forged  steel,  minimum  3OOO#  rating  with 

hexagon  or  round  head  construction.  Square  head  plugs  are  not 
permitted.  , 

17 .11  Pipe  sizes  of  3/8”,  1^”,  2-|»,  3-^”,  5”  and  7”  shall  not  be  used. 

18.0'  SAFETY  VALVES 

18.1  1^11  capacity  ASME  approved  side  outlet  safety  valves  shall  be 
furnished  folloKing  each  stage  of  compression.  All  parts  subject 
to  loosening  shall  be  secured  v/ith  safety  wire.  Lifting  levers 
shall  be  furnished  v/hen  required  by  the  ASJ'LE  Code,  and  levers 
shall  be  spring  loaded.  Safety  valves  installed  outdoors  v;hich 
are  subject  to  moisture  and  freezing  shall  have  packed  lifting 
levers.  Valves  shall  be  Consolidated,  Lonergan,  or  equal. 

18.2  Safety  valves  shall  have  flat  metal-to-metal  seats  with  a lapped 
finish 

18. 3 Safety  valves  shall  be  pop  tested  by  the  manufacturer  until  three 
(3)  successive  pop  tests  each  fulfill  the  set  pressure  tolerances 
as  set  forth  in  the  latest  edition  of  the  ASIE  Code,  Section  VIII, 
Unfired  Pressure  Vessels,  Paragraph  UG-133,  Section  (f);  plus  or 
minus  2 P3I  for  set  pressures  up  to  and  including  70  PSI,  3%  for 
pressures  above  70  PSI. 
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16.0  SAFETY  VALVi^S  (Cont'd) 

18.4  All  safety  valves  shall  be  tested  for  a ma>djnujn  allov/able  leak 
rate  of  one  (l)  cubic  foot  of  air  per  day  at  10^  under  set 
Pressure. 

16.5  Safety  valves  shall  be  mounted  to  preclude  the  possibility  of 
failure  of  the  attachment  when  venting.  Safety  valves  in 
excess  of  1000  PSIG  set  pressure  are  to  be  flanged. 

18.6  Outlet  connection  of  each  safety  valve  shall  be  threaded  or 
flanged  to  penru.t  Purchaser  to  pipe  valve  outlets  to  a comon 
header.  Valve  accumulation  shall  be  10^  maximum. 

19.0  BARIlinG  DEVICE 

19.1  All  compressors  1000  HP  and  above  shall  be  equipped  with  an  ^ 
electric  or  penuniatic  reversible  barring-over  device.  A safety 
switch  shall  be  provided  to  prevent  operation  of  the  main  drive 
motor  v/hile  barring  device  is  engaged.  Vendor  shall  provide  a 
protective  housing  over  the  turning  gear  to  keep  out  foreign 
matter.  Direct  connected  compressors  below  1000  HP  shall  be 
equipped  with  a manual  barring  device.  Belt  driven  cc.mpressors 
shall  have  adequately  sized  doors  in  the  belt  guard  to  manually 
rotate  belt  v/heel. 

20.0  protectjah::  eucwsures 

20.1  All  open  shafts,  couplings,  flj^.^:heels,  belts,  gears  or  other 
moving  rrachinery  must  be  provided  vdth  suitable  protective 
enclosures.  This  requirement  induces  the  compressor  as  v;ell 
as  al3.  a-'jdLliary  equipment  covered  under  this  specification. 

20.2  Protective  enclosures  shall  be  totally  enclosed  on  the  top. 

Sides  may  be  perforated  where  local  codes  permit.  Perforations 
shall  be  a maximum  of  opening.  The  enclosure  shall  be  moimted 
from  vendor* s equipment  v;herc  possible  thus  requiring  no  loundation 
mounts.  The  enclosure  shall  be  structurally  strong  enough  to 
support  500  pounds  force  in  any  direction  \/ithout  yielding. 
Enclosure  shall  be  easily  removed  for  maintenance  v.dth  bolted 
connections.  Enclosures  weighing  in  excess  of  50  pounas  shall 
have  suitable  lifting  lugs  at  the  center  of  gravity. 
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21.0  GAG]'20AnD 

21.1  A fabricated  steel  floor  mounted  c^geboard  shall  be  suj^plied  on 
all  compressors  1000  HP  and  above.  On  compressors  below  1000  HP, 
machine  mounted  gageboards  are  acceptable.  The  front  of  the  panel 
shall  bo  fabricated  cold  rolled  steel  plate  v;ith  all  raw  edges 
ground  burr-free.  All  edges  shall  be  finished  square  to  insure 
tight  flush  joints,  when  butted  together.  Substantial  v/elded 

in  place  freuning  members  shall  be  utilized  to  provide  a rigid, 
self  suppoz**ting  unit.  Top  and  ends  shall  be  constructed  \/ith 
full  depth  sheet  metal  turnback. 

21.2  Gageboard  shall  be  finished  as  follows: 

Sandblast  - Required  for  all  steel  plate,  framing  and  members. 

Sealing  Primer  - Required,  3 coats  for  panel  front,  2 coats* 
other. 

Sanding  — Required  after  each  coat  of  sealing  primer. 

Final  Finish  - Required  2 coats  minimum  DuPont  f/7  I>yre-Ease 
Light  Green  //J-276-23707  • 

21*3  Panel  shall  be  mounted  on  base  furnished  by  others. 

21.4  Lameplatcs  shall  be  supplied  on  the  front  of  the  panel  for 
instnmient  and  service  identification.  All  nameplates  shall 
be  laminated  black  plastic  v/ith  v;hite  core  and  beveled  edges. 

They  sha].l  be  1"  high  by  3"  long  :ninlmum  and  shall  be  attached 
v/ith  machine  screv/s  and  nuts.  Lettering  shall  be  minimum  3/l6“ 
high  cl  i.  ..cters. 

21.5  Gage  panel  shall  contain  all  gas  pressure  gages  and  jacket  water 
pressure  gage  when  applicable.  Refer  to  paragraph  22.8  for  jacket 
v/ater  system  requirements.  All  gages  shall  be  flush  mounted. 

V«*here  remote  compressor  loading  or  clearance  pockets  requiring  a 
control  device  are  used,  control  de^d.ces  shall  be  gageboard  mounted* 
Legend  plate  shall  identify  proper  sequence  of  loading. 
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21 . 0 GAGKBOAnP  ( Cont ' d ) 

21.6  On  gage  panels  containing  electrical  apparatus,  the  back  section 
of  the  panel  containing  such  apparatus  shall  be  enclosed  with 
bolted  covers  or  hinged  sheet  metal  doors.  The  complete  electrical 
installation  including  terminal  blocks  shall  be  in  accordance  v/ith' 
the  require.ment s of  the  National  Electrical  Code  for  General  Purpose 
Installation.  Purchaser  will  supply  115  volt,  60  cycle,  single  phase 
AC  source  with  grounded  neutral  to  the  panel.  Neutral  shall  be 
color  coded  v/hite.  Provision  shall  be  made  for  grounding  the  entire 
panel  to  the  plant  grounding  system. 

21*7  Vrire  shall  be  type  Pi;/,  stranded  600  volt  insulation,  //14  A\/G  or 
larger.  All  wiring  to  be  connected  to  terminal  blocks  using 
pressure  type  insulated  vn.re  terminals,  Stakon  or  equal.  In 
addition  to  termiinal  strip  identification,  each  v/ire  is  to  be 
tagged  at  both  ends  v/ith  standard  electrical  code  m>arkings.  • 

V/iring  and  terminals  shall  be  numbered  and  agree  with  numbers 
shown  on  w'iring  diagram.  All  wiring  connections  between  panel 
tenninal  bloclcs  and  field  will  be  made  by  others* 

22*0  PRESSURE  GAGES 

22.1  Flush  mounted  gages  with  mounting  dimensions  in  accordance  v/ith 
ASA  standards  shall  be  supplied.  Flush  gages  shall  have  a f^^nt 
flange  and  a back  male  connection.  The  connection  shall  be  7^"  KPT 
for  all  pressure  ranges  up  to  800  P3IG  and  NPT  for  all  pressure 
ranges  from  801  PSIG  to  10,000  PSIG.  All  gages  shall  be  round 
dial  tj^p3  v/ith  black  figures  on  v/hite  background.  The  case  shall 
be  of  cast  aluirdnum  of  solid  front  construction  v;ith  rear  blowout 
disc.  The  cr^v'^stal  shall  be  plastic.  The  bourdon  tube  material 
shall  '•e  phosphor  bronze  for  vacuum  and  pressures  up  to  800  PSIG, 
and  beryllium  copper  from  801  PSIG  to  10,000  PSIG.  Other  metals 
such  as  alloy  steel,  stainless  steel,  and  monel  shall  be  used  for 
special  conditions  of  either  service  fluid  or  atmosphere.  Socket 
shall  be  forged  brass  or  bronze  for  use  with  phosphor  bronze  or 
beryllium  copper  tubes,  and  of  the  same  material  as  the  bourdon 
tube  material  for  all  others. 
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phi::ssurf:  gages  (Cont'd) 

22.2  Accuracy  of  0,^^  of  full  scale  (ASA  Class  AA)  is  required. 
Gages  shall  be  equipped  v.dth  a zero  adjustment  pointer.  Gage 
shaJ.1  retain  calibration  when  subjected  to  overpressure  as 
follows: 

a.  Up  to  and  including  600  PSIG,  30^  over  range  pressure. 

b.  601  PSIG  to  10,000  PSIG,  lo;^  over  range  pressure. 

22.3  V/hen  the  gage  is  to  be  used  for  oxygen  service  the  face  of  the 
dial  shall  be  inscribed,  "OXYGEN  - USE  1^0  OIL". 

22.4  Standard  Scale  Ranges  shall  be  in  accordance  with  following 
Table  I. 


OPER.\TIIIG  LIMITS  OF  GAGE 


GAGE  DIAL  MNGE 


0 - 
21  - 
66  - 
136  - 
401  - 
651  - 
1001  - 
2001  - 
3301  - 
Vacuvun 
Vacuum 
Vacuum 
Vacuum 


20 

65 

135 

400 

650 

1000 

2000 

3300 

6500 


PSIG 

PSIG 

PSIG 

PSIG 

PSIG 

PSIG 

PSIG 

PSIG 

PSIG 


- 10  PSIG 

- 20  PSIG 

- 200  PSIG 


30  PSIG 
100  PSIG 
200  PSIG 
600  PSIG 
1000  PSIG 
1500  PSIG 
3000  PSIG 
5000  PSIG 
10000  PSIG 
30"  Mercury 
0-15  PSIG 
0-30  PSIG 
0-300  PSIG 


22.5  Gages  shall  be  U.S.  Gauge,  Helicoid,  Crosby,  Ashcroft,  or  equal. 

22.6  Pressure  gages  shall  be  provided  on  the  gageboard  to  irdicate 
the  discharge  pressure  of  each  stage  of  compression  and  first 
stage  suction  v;here  the  inlet  is  other  than  atmospheric  air. 

22.7  An  oil  pressure  gage  shall  be  mounted  adjacent  to  the  oil  pressure 
switch  on  the  compressor  frame  by  the  vendor.  This  gage  and  sv.dtch 
shall  be  dov.Tistream  of  any  filters,  coolers,  relief  valves,  etc., 
and  indicate  true  bearing  oil  supply  pressure.  The  gage  and  switch 
shall  be  rigidly  mounted  to  the  compressor  frame,  free  of  any 
damaging  vibration.  Oil  tubing  or  piping  shall  be  minimized. 
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22.0  PnESSUlU:  GAGKS  (Cont*d) 

22. *8  Compressors  with  a closed  jacket  water  system  shall  have  a 
jacket  water  pressure  gage  located  on  the  gageboard.  This 
gage  shall  indicate  the  pump  discharge  pressure.  On  compressors 
for  outdoor  installation  in  a freezing  climate,  the  water  pressure 
gage  shall  be  mounted  directly  on  the  pump  discharge  piping. 

22.9  On  multi-stage  compressors  500  HP  and  above,  locally  mounted 
inlet  and  final  discharge  pressure  gages  shall  be  installed 
within  easy  viev/  of  the  final  stage  unloading  valve.  These 
gages  shall  contain  a pulsation  snubber  and  shutoff  valve 
plus  an  atmospheric  bleed  valve  between  the  gage  and  shutoff 
valve  if  operating  at  100  PSIG  or  above. 

23.0  PRESSUR]^  GAGE  PIPIIJG 

23*1  All  pneumatic  signal  leads,  and  all  direct  process  connection^ 
for  pressures  less  than  1500  PSIG  (unless  otherv^d.se  noted  in 
the  job  specification),  shall  be  O.D.  x .030’’  wall  copper 
tubing  in  accordance  v;ith  ASTH  Specification  B68DPH.  All 
tubing  fittings  for  this  condition  are  to  be  Crav/ford  Htting 
Co.  ’•Swagelok”. 

23.2  All  direct  process  connections  for  pressures  1501  PSIG  to 
3500  PSIG  shall  be  3/8"  O.D.  x .049’*  ^'all  sea:nless  stainless 
steel  tubing  fully  annealed  in  accordance  with  ASTM  Specif ication 
A269,  TP316.  All  tubing  fittings  for  this  service  shall  be^ 
Parker  Appliance  Co.,  37°  flared,  stainless  steel,  " rRIPLi>-ijOK  ’ , 
in  accoi'dancc  with  ASTM  Specification  A182F316  or  A276T3-i-6, 

with  inserted  Teflon  conical  seals. 

23.3  All  p‘ X piping  for  field  connections  are  to  terminate  at  the 
rear  of  the  panel  on  a bulkhead  bar.  Bulkhead  connections  for 
the  field  shall  be  FNPT.  All  terminal  connections  shall  be 
identified  by  a securely  fastened  engraved  plastic  nameplate, 

1/2"  X 3/4"*  All  connections  shall  be  plugged  for  shipping. 
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23.0  PlffiSSlIRE  GAGE  PIPinn  /nont.'H') 

^ 23*4  Pressure  gage  piping  between  the  cor^pressor  and  gageboard  will 

be  supplied  by  the  Kirchaser.  Vendor  shall  supply  3/4”  NPT 
ccnnections  in  his  compressor  piping.  Connections  shall  be 
located  below  floor  level  and  on  the  side  of  the  cornpressor 
adjacent  to  the  gageboard  v;here  possible.  On  compressors  v/ith 
machine  mounted  gageboards  the  vendor  shall  supply  and  install 
^11  g^ge  piping  from  the  compressor  piping  to  the  gageboard. 

23.5  All  pressure  gages  shall  be  provided  vdth  shutoff  valves.  Gages 
mounted  on  the  gageboard  shall  have  the  valve  located  in  the  rear 
of  the  board.  Gages  operating  in  excess  of  100  PSIG  shall  have 
an  atmospheric  bleed  valve  betv/een  the  gage  and  shutoff  valve. 
Shutoff  valves  shall  be  IJPT  needle  type  forged  steel,  Vogt 
Valve  Figure  No.  9873,  and  bleed  valves  shall  be  i’'  KPT  needle 
type  forged  steel,  Vogt  Valve  Figure  No,  9871*  Oxygen  compressors 
shall  be  equipped  with  equivalent  stainless  steel  valves. 

23*6  Pulsation  snubbers  shall  be  provided  on  all  gas  pressure  gages. 

23.7  Gage  piping  or  tubing  shall  be  supported  and  tied  dov/n  within 
18  inches  of  the  gage.  12  inches  or  less  is  preferred,  if 
possible.  Additional  supports  every  18  inches  are  required  on 
tubing  runs  v;ith  continuous  tubing  rack  and  tie  do;vn  construction 
preferred. 

24.0  TEIfPEPLVrUPj;  GAGES 

24*1  Temperature  gages  shall  be  supplied  by  the  vendor  as  listed 

below.  All  temperature  gages  sliall  be  locally  mounted  in  the 
piping  or  vessels  with  separable  sockets  Eillowing  gage  removal 
while  the  compressor  is  in  operation.  Gages  shall  be  mounted 
in  accessible  positions  such  that  the  gage  can  be  easily  read 
from  the  operating  floor  level. 

24.2  Temperature  gages  shall  bo  5”  round  dial  type  with  black  figures 
on  v;hite  background,  with  units  in  degrees  fahrenheit.  They 
shall  be  bi-metallic  element  adjustable  ’’every  angle"  type, 

Hanning,  J'iax\:ell  and  Hoore  I'odel  5~6060EH,  or  equal.  Connections 
shall  be 
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2/4.0  ra!PKRA^1I:ll’  GAnrS  (Cont‘d) 

• 24*3  Separable  sockets  shall  be  3/4^'  MJPT  v/ith  2’^  TOPT  sockets  for 
the  tcnperature  gages.  All  separable  sockets  furnished  on  a 
particular  corrn^ressor  shall  have  a pressure  rating  equal  to  or 
greater  than  the  highest  pressure  encountered  on  tha.t  compressor. 
Socket  v;ell  ii-imersion  shall  be  a laininium  of  two  (2)  inches  in 
liquid  service  and  a minjjnum  of  four  (4)  inches  in  gas  service. 

Temperature  gages  shaJ.l  be  provided  to  indicate  the  temperature 
at  the  follov;ing  locations; 

a.  Gas  inlet  to  each  stage  of  compression,  including  first 
stage. 

b.  Gas  discharge  temperature  of  each  cylinder. 

. 

c.  Aftercooler  discharge. 

d.  Cooling  v/ater  inlet  on  manifold  supplying  intercoolers  and 
aftercooler. 


e.  Cooling  water  outlet  of  each  inter  and  aftercooler. 

f.  All  compressors  1000  HP  and  above  in  the  jaeVeet  cooling 
water  outlet  of  each  cylinder. 

g.  Jacket  v/ater  temperature  after  the  v/ater-to-watcr  heat 
exchanger  on  closed  jacket  systems. 

h.  Lubricating  oil  inlet  and  outlet  of  the  oil  cooler. 


25.0  KLECTRICAL  SV, 'ITCHES 

25.1 


25.2 


Safety  devices  shall  be  supplied  and  installed  by  the  vendor 
with  the  compressor  for  the  services  listed  below.  All  electrical 
wiring  and  conduit  will  be  supplied  by  the  Purchaser . Vendor  shall 
supply  wiring  diagrams  for  all  furnished  electrical  devices. 

All  pressure  switches  shall  be  dual  sv.-itch,  S.P.D.T.  with  independent 
circuits  and  adjustment  ranges.  Sv/itches  to  be  precision  snap  acting, 
per  IC-3,  'rated  15  amperes  minimum,  continuous,  inrush,  and 

breaic  at  50?:i  power  factor,  115  volts,  60  cycles.  Switches  shall  have 
silver  contacts.  Switches  shall  repeatedly  operate  at  their  set 
point  within  plus  or  iminus  of  span.  Switches  shall  be  Barksdale, 
Meletron,  or  equal. 
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25.0  kl>-gt:^igal  s;;iTC!;r:3  (cont^d) 

^ 25-3  Compressors  operating;  i/ith  other  than  atmospheric  air  intake 

Qonditions  shall  have  a suction  pressure  sv.dtch.  This  sultch 
shall  be  located  within  the  garjeboard  taking  its  pressure 
signal  from  the  same  line  supplj^ing  the  suction  pressure  gage. 

25 »4  Compressors  with  closed  jacket  v;ater  systems  shall  be  provided 
with  a water  pump  discharge  pressure  sv;itch.  This  sv/itch  shall 
be  located  within  the  gageboard,  taking  its  pressure  signal  from 
the  same  line  supjdying  the  jacket  v/ater  pressure  gage.  On 
compressors  for  outdoor  installation  in  freezing  clir^xate,  the 
pressure  sv/itch  shall  be  mounted  directly  on  the  pump  discharge 
piping  v;ith  the  pressure  gage. 

25*5  Compressors  with  pressurized  lube  oil  systems  shall  be  provided 
with  an  oil  pressure  sv:itch.  This  sv/itch  shall  be  mounted  on* 
the  compressor  frame  taking  its  pressure  signal  at  the  most 
remote  point  in  the  vsystem.  A minimujn  of  piping  shall  be  incorp- 
orated from  the  lube  oil  system  to  the  switch. 


Compressors  with  force  feed  lubricators 
a lubricator  malfunction  detector.  This 
special  lubricator  pump,  located  at  the 
tlie  driver,  v;hich  supplies  a special  pre 
connected  to  a pressure  switclj.  The  spe 
shortened  suction  tube  so  as  to  indicate 
as  lubricator  mechanical  failure.  Multi 
shall  have  a malfunction  detector  system 


shall  be  provided  with 
; shall  consist  of  a 
farthest  point  from 
ssure  bleed-dovm  device 
clal  pump  shall  have  a 
low  oil  level  as  v/ell 
-compartment  lubricators 
. for  each  compartment. 


25*7  All  temperature  sv/itches  shall  utilize  remote  bulbs  v;ith  armored 
capill  Cj  tubes.  The  sensing  bulbs  shall  be  in  separable  wells 
allov/ing  removal  of  the  bulb  v;hile  the  compressor  is  in  ojx^ration. 
The  switches  shall  be  dual  switch  S.P.D.T.,  v;ith  independent 
circuits  and  adjustment  ranges.  They  shall  be  consolidated  and 
mounted  v/ithin  a panel  v/ith  free  access  for  maintenance  and 
adjustment^  and  per  requirements  of  Para.  25.2. 

25.8  All  oxygen  compressors  shall  have  a temperature  switch  at  the 
first  stage  suction  and  at  every  cylinder  discharge  nozzle. 
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25.0  KLECTRICAL  SV/ITGHES  (Cont'd) 

' 25.9  All  compressors  shall  be  provided  with  frame  mounted  vibration 
switches.  V.here  possible,  all  switches  shall  be  located  on  the 
same  side  of  the  compressor.  A minimum  of  one  sv/itch  per  two 
crankshaft  throv.'s  is  required  and  shall  be  mounted  directly  on 
the  frame  in  line  with  the  iriain  bearing  betv/een  or  adjacent  to 
the  two  throv;s.  Vendor  shall  submit  for  Purchaser's  approval 
the  quantity  and  location  'of  switches  to  be  provided.  Vibration 
switches  for  non-hazardous  locations  shall  be  Robertshaw-Pulton 
Model  66-A-h'T  without  reset  coil.  Hazardous  locations  shall  have 
the  equivalent  switches  with  explosion-proof  enclosures.  Switches 
shall  be  calibrated  and  set  at  the  installation  site  by  vendor's 
representative. 

26.0  CAPACITY  CONTROL 

~ •"  ^ 

26.1  The  applicable  job  specification  will  indicate  the  type  of 
capacity  control  desired  together  with  the  anount  and  steps 
of  capacity  reduction.  Capacity  control  must  be  designed  to 
prevent  overloading  or  unbalance  of  the  compressor  at  any  reduced 
capacity  within  the  operating  range.  A legend  plate  clearly 
indicating  the  steps  of  capacity  reduction  shall  be  supplied. 

The  plate  shall  be  located  adjacent  to  the  clearance  pockets 
when  manually  operated  and  adjacent  to  the  control  mechanism 
when  remotely  operated. 


26.2  Valve  lifter  type  unloaders  shall  be  quick  acting.  Pneumatic  or 
hydraulic  systems  shall  have  local  dmp  valves  or  have  adequately 
sized  lines  to  permit  rapid  release  of  the  valve  lifter  mechanism, 
When  valve  lifter  unloaders  are  use,  t)iey  must  be  used  on  all  of 
the  inlet  valves  on  the  cylinder  enc  i .volved.  Valve  lifters  on 
non-lubricated  valves  shall  have  suitable  self  lubricating  features. 


26.3  Clearance  pocket  type  unloaders  may  be  self  contained  or  incorporated 
with  the  compressor  valves.  They  shall  have  adequately''  designed 
valve  plugs  to  prevent  vibration  of  the  plug  on  the  stem  v;hen  opened. 
Back  seating  plugs  are  preferred.  Clearance  pocket  volume  shall  be 
restricted  to  prevent  complete  unloading  of  the  cylinder  end. 
Continuous  operation  of  the  compressor  must  be  possible  at  any 
unloaded  condition  without  exceeding  350T  gas  temperature  at  any 
point  in  the  system.  All  clearance  pockets  shall  have  a nameplate 
attached  to  them,  indicating  the  clearance  pocket  volujne  and  the 
percentage  of  capacity  reduction  for  that  pocket.  Since  the  per- 
centage value  changes  as  other  pockets  are  operated,  it  shall  be 
based  on  the  percentage  capacity  reduction  v:hen  all  other  pockets 
are  closed. 
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26.0  CAPACITY  CCirrnOL  (Cont^d) 

26*4  Manually  operated  clearance  ix>ckets  shall  be  easily  accessible 
from  the  operating  floor  level.  They  shall  be  designed  not  to 
vibrate  from  their  set  position  v/hile  the  compressor  is  in 
operation, 

26.5  Remote  operated  pneumatic-electric  clearance  pockets  shall  be 
furnished  and  installed  as  a system  by  the  vendor.  The  system 
shall  include  the  clearance  pockets,  pocket  actuators,  solenoid 
valves,  actuator  tubing,  selector  sv/itch,  braces  and  supports, 
plus  any  other  equipment  required  to  mal^c  a functional  system. 

Ihe  Purchaser  shall  supply  all  wiring  and  conduit.  Vendor  shall 
supply  complete  wiring  diagrajns.  The  selector  sv;itch  shall  be 
mounted  on  the  gageboard. 

27.0  TOOLS 

t 

27*1  One  complete  set  of  all  special  tools  shall  be  provided  wd.th 
each  compressor.  Set  shall  include,  but  not  be  limited  to, 
plug  valve  handles,  valve  seat  removing  tools,  and  foundation 
bolt  wrenches,  \vhen  ir.ore  than  one  corapressor,  up  to*  a maximum 
of  three,  are  supplied  at  one  location;  one  set  of  ’’Special 
lools  and  V/renches”  per  location  is  acceptable.  It  shall  be 
the  responsibalit}’'  of  the  vendor's  erector  to  insure  that  one  (l) 
set  of  "Special  Tools  and  V/renches"  is  on  hand  at  anj^ 
one  location  'before  leaving  the  site. 

28.0  PERFOPJi.WGB 

28.1  After  installation,  compressors  may  be  subjected  to  a performance 
test  at  the  Purcliaser's  discretion.  Test  procedures  vmll  conform 
to  the  ASiiE  Power  Test  Code  for  Displacement  Compressors  (P.T.C. 
9-1954).  Vendor  may  vdtness  the  test.  Results  of  the  test  vdll 
be  considered  binding  relative  to  compressor  guarantees. 

28.2  Pressure  pulsation  and  mechanical  vibration  tests  may  be  performed 
on  the  compressor  to  confim  vendor's  compliance  i^ith  Section  16.0 
of  this  specification.  Vendor  shall  supply  sufficient  plugged 
pressure  pic.oup  points  to  facilitate  pulsation  readings  on  the 
inlet,  interstage,  an:i  final  discharge  piping.  Pressure  taps  shall 
be  a minimum  of  KI'T. 

28.3  Any  modifications  required  to  meet  guarantees  shall  be  done  by 
the  vendor  at  no  cost  to  Purchaser.  Any  subsequent  tests  will  be 
performed  by  vendor  at  no  cost  to  Purchaser. 
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29.0  r-RKSSURF.  \^'S0EI.S 

J39.I  All  pressure  vessels  such  us  coolers,  separators  and  pulsation 
‘ dampeners,  ral3.ing  under  the  scope  of  the  code,  shall  be  designed 

’ and  constructed  in  accordance  v/ith  applicable  ASJDij,  State,  and 

Local  Codes  and  shall  be  National  Board  stamped. 

29.2  Coifipressor  cylir«ders  shall  be  hydrostatically  tested  to  two 

times  the  nori'.al  operating  gas  pressure  or  one  and  one— half  (ly) 
times  the  ma>iimum  allov/able  v/orking  pressure,  v/hichever  is 
greater.  V/ater  jackets  shall  be  designed  for  a minimum  operating 
pressure  of  50  FSIG  and  hydrostatically  tested  at  75  PSIG. 

30.0  UNION  L/\nEL 

30.1  All  equipment  covered  under  this  specification  shall  bear  the 
label  of  the  International  Brotherhood  of  Electrical  V/orkers 
and  the  label  of  the  United  Association  of  Journeyman  and 
Apprentices  of  the  Plumbing  and  Pipe  Fitters  Industry  of  the 
United  States  and  Canada  or  evidence  thereof . 

30.2  Tivo  copies  of  a letter  confirming  that  work  has  been  perfomed 

in  accordance  v/ith  these  requirements  shall  be  forwarded,  prior 
to  shipment  of  the  equipment,  to:  Purchasing  Agent,  Air  Products 

and  Chemicals,  Inc. 

31.0  PROPOSiXS 

31.1  Vendor  shall  submit  three  (3)  complete  sets  of  proposals. 

Proposals  shall  include: 

a.  Air  Products  and  Chemicals,  Inc.  project  or  reference  mur.ber. 

b.  Manufacturer's  type  and  designation. 

c.  Complete  description  of  offering. 

d.  Complete  description  of  all  accessories. 

e.  Preliminary  General  Arrangement  Drav/ing. 

f.  ■ Price  and  terms. 

g.  Delivery. 

h.  Erection  supervision,  number  of  days  included  in  base  price, 
daily  rate,  and  overtime  rate. 
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31.0  PR01’0SAI,3  (Coat'd) 
31.1  (Coat'd) 


i.  Complete  list  of  aay  and  all  exceptions  taken  to  this 
specification  and  the  particular  job  specification. 

j.  Priced  Spare  Parts  List  for  the  follovang  items: 

1.  Compressor  valve  assembly  for  each  stage  inlet  and 
discharge . 

2.  Compressor  cylinder  liner  for  each  stage. 

3.  Piston  assembly  for  each  stage. 

4.  Piston  rod  complete  with  piston  nut  for  each  stage. 

5.  Piston  rings,  per  set,  for  each  stage. 

6.  Piston  rod  packing  case  assembly  complete  vdth  packing 
• for  each  stage. 

7.  Crosshead  assembly  complete. 

8.  Crosshead  shoes  or  slippers. 

9.  Crosshead  pin. 

10.  Crosshead  pin  bushings. 

11.  Connecting  rod. 

12.  Connecting  rod  pin  bushing. 

13.  Connecting  rod  journal  bearing. 

14.  Kain  bearings,  journal  and  thrust. 

15.  Outboard  bearing  or  bearing  insert. 
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32.0  DKA\.T:a3  AND  IKFOP-^TIOi: 

* 32.1  Vendor  shall  submit  two  (2)  reproducible  certified  dravdngs  of 
each  of  the  follov-ing  listed  areas.  Drav.dng  delivery  dates  and 
schedules  shall  be  coordinated  at  time  of  purchase  and  shall  be 
included  in  the  Purchase  Order. 

32.2  Foundation  Drawing  including: 

a.  Foundation  bolt  locations. 

b.  Foundation  bolting  for  auxiliary  eauipment. 

c.  Foundation  details. 

32.3  General  Arrangement  Drawing  including: 

a.  Total  weight.  * 

b.  Weight  of  heaviest  part  for  erection. 

c.  V/eight  of  heaviest  part  for  maintenance. 

d.  Location  of  center  of  gravity. 

e.  Space  required  for  removing  pistons  and  cooler  tube 
bundles . 

f.  Locations  of  all  piping  connections  and  plugged  taps. 

g.  Size,  type  and  rating  of  all  connecting  flanges. 

h.  Locations  of  all  separately  mounted  equipment. 

i.  Primary  and  secondary  unbalanced  forces^  couples,  and 
compressor  speed. 

32.4  Piping  Arrangement  Draiong,  if  not  included  on  General  Arrangement 
Drawing,  including: 

a.  Process  gas  piping  and  bypass  unloading  piping. 

b.  Cooling  water  systems  with  surge  tariks,  pumps,  etc. 

c.  Separator  drain  and  local  drain  vaj.ve  locations. 

d. .  Pressure  gage  taps. 

e.  Pulsation  picicup  taps. 
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32.0  D:?av;ii:g:3  ai:d  ji:fo}U!atio:t  (Coni’d) 

, 32.5  Schematic  Flow  Sheet  including: 

“ ‘ a*  Gas,  water,  oil  and  drain  piping. 

b*  Pressure  vessels  and  pressure  ratings. 

c. '  Pressures,  temperatures  and  line  sizes. 

d.  Cooling  water  requirements. 

e*  Safety  valve  sizes  and  settings, 
f*  All  gages,  and  gage  connections 

g.  Pulsation  pickup  connections. 

h.  Byj^ass  unloading  valves,  size,  type  and  location. 

32.6  Pulsation  dampener  drav/ings. 

32.7  Moisture  separator  drav/ings  and  design  calculations. 

32.8  Inter  and  aftcrcooler  drawings  and  TEIdA  data  sheets. 

32.9  Capacity  control  system. 

32.10  Schematic  wiring  diagram  including  all  safety  devices  and  electric 
auxiliaries. 

32.11  Instrument  list  conjilete  with  a3.1  set  points. 

32.12  Cylinder  Lubrication  Schematic,  including  exact  location  of 
each  oil  feed. 

32.13  Equipment  lubricatjon  schedule,  including  all  auxiliaries. 

33 . 0 HAIIDBOO?:  OF  QPERATII.'G  AlID  ILMCTEMALCL  IMSTRUGTIOnS 

33*1  Compressor  vendor  shall  supply  tvrelve  (12)  complete  sets  of  bound 
Operating  and  Maintenance  Instructions.  Delivery  date  shall  be 
as  specified  in  the  Purchase  Order. 

33 «2  Operating  Instructions  shall  be  supplied  in  sufficient  detail  to 
instruct  a technician  in  how  to  prepare  the  macliine  for  operation 
(valve  and  control  positioning,  lubrication,  before-operation  checks), 
how  to  start  the  machine  (loading,  priming,  v/arm-up,  as  applicable), 
how  to  operate  the  machine  (normal  opjerating  adjustments;  pressures, 
etc.,  tabulated  nomnal  operating  conditions),  hov/  to  shut  dovm  the 
machine  (valve  and  control  positioning,  etc.). 
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33.0  H/.}!i)ROOK  Or  r^T'i-RATT’:!  IIAIIlTDlArC!:  Il’lTmiC'i'IClIS  (Cont'd) 

33.3  Operating  Instractions  ahall  include  all  necessary  precautions  to 

. be  observed  to  prc\'ent  damage  to  equipment  or  injury  to  personnel 

. ' as  a result  of  fajJlure  to  observe  certain  normal  ofiorating  conditions 

and  procedures. 

33.4  Instructions  shall  include  a trouble-shooting  table  present in^i 
possible  troubles  that  may  develop,  the  probable  causes  of  the 
troubles,  and  the  appropriate  remedies. 

33.5  Instructions  shall  specify  the  lubricants  to  be  used,  the  frequency 
and  point  of  application,  and  quantity  of  lubricants  required  for 
initial  charge. 

33.6  Specific  characteristic  curves  of  the  equipment  furnished,  marked 

for  the  designated  operating  point,  shall  be  included.  . 

33.7  Jlainte nance  instructions  shall  be  supplied  in  sufficient  detail  to 
indicate  to  a teclmician  how  to; 

a.  Replace  parts  subject  to  wear  or  failure. 

b.  Make  adjustments  to  compensate  for  v;ear  and  specify  the 
values  and  tolerances  to  be  observed  in  making  tl)e  adjustments. 

c.  Alter  the  characteristics  of  the  machine  to  increase  or 
decrease  capacity,  pressure,  etc. 

33*8  Components  and  special  tools  shall  be  adequately  illustrated  so 
that  construction  details  and  internal  v;drkings  are  described  to 
assist  in  understanding  operation,  adjustment,  and  nuxintenance 
procedures. 

33.9  If  publications  are  furnished  which  cover  more  models  of  equipment 
than  actually  supplied,  the  vendor  shall  completely  annotate  such 

- published  material  to  strike  out  references,  illustrations,  and  data 
pertaining  to  any  irrelevant  equipment. 

33.10  All  literature  must  be  certified  as  accurate  and  comiplete.  All 
literature  must  be  revised  to  incorporate  the  last  change  or 
modification  performed  prior  to  closing  of  the  Purchase  Order  and 
final  p^ajeaent. 
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33.0 


rFU'.!:G;::  inoTn-ICTJ0::3  ( Cont ' d ) 


^ 33.11  ^'11  Jiiatcrlal  supplied  by  tlie  vendor  shall  be  reproduced  in  a 
manner  resuUinr:  in  clear  and  legible  text  and  illustrations. 

* It  is  preferred  that  material  submitted  be  reproduced  on  8^  x 11 
inch  paper  with  flov’sheets  and'  similar  items  requiring  greater 
•length,  reproduced  as  11  inch  high  foldouts. 


33.12  All  Ijteraturc  must  be  mrked  v/ith  Air  Products  and  Chemicals,  Inc. 
equipment  Purchase  Order  namber  and  charge  number.  In  addition, 
when  the  Purchase  Order  requires  that  the  equipment  be  tagged,  the 
items  of  literature  c.ust  also  bo  marked  with  the  tag  number.  Where 
one  item  of  literature  applies  to  several  pieces  of  equipment 
purchased  under  the  same  Idirchase  Order,  the  literature  must  be 
> marked  v/ith  all  appj.icable  charge  numbers  and  tag  numbers.  (The 

charge  number  referred  to  in  this  requirement  is  the  number 
appearing  in  the  "CHAHOW"  coliumi  of  the  Purchase  Oixler.)  , 

34.0  PARTS  LISTS 


34.1  The  manufacturer  shall  supply  complete  parts  lists  of  the  equipment 
furnished  to  this  specification,  including  subassemblies,  attachments, 
accessories,  special  tools,  and  individual  parts.  -The  manufacturer's 
part  nvunber  must  provide  positive  identification  of  the  parts  listed. 
The  complete  list  may  be  made  up  of  individual  subassembly  lists  or 
bills  of  material.  Any  such  lists  must  be  identified  by  a master 
list  so  that  each  part  is  identifiable  as  a component  of  the  riain 
equipment.  The  parts  list  shall  specify  the  quantity  of  each  item 
used  in  the  assen.bly  or  component. 

Commor  hardv/are  items  shall  be  completely  described  as  to  size, 
length,  number  of  threads,  material,  finish,  type  of  head,  etc. 

This  provision  applies  v/hether  or  not  a hardv;are  item  has  a part 
number. 

34.2  Parts  lists  shall  be  supported  by  detaiJL  drawings,  cross-sectional 
drav;ings,  exploded-vie’w  drawings,  or  other  illustration  material 
identifyij-ig  each  part  and  keying  it  to  the  parts  list  so  that  each 
item  in  tlie  list  can  be  located  on  the  illustration(s) . Itei.cs  that 
cannot  be  procured  separately,  such  as  matched  sets  of  gears,  pressed- 
fit  items,  etc.,  must  be  clearl3'’  noted. 
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34 . 0 PARTS  JJ3T3  ( Coni. ' d ) 

,,,34.3  The  complete  parts  list  shall  carry  notations  indicating  ivhich 
items  arc  reconu.'iended  for  spares  by  tlie  manufacturer. 

34.4  ,A  separate  price  list  shall  be  supplied  reflecting  current  prices 
for  all  items  appearing  on  the  parts  list. 

35.0  IKSPECTION 

35.1  All  equipment  furnished  to  this  specification,  including  auxiliaries, 
shall  be  subject  to  inspection  by  Purchaser's  quality  control  repre- 
sentative. Purchaser's  representative  shall  have  full  access  to  all 
facilities  of  the  manufacturer  and  its  subvendors,  and  have  access 
to  all  drav.'ings,  inspection  records,  miaterial  specifications,  and 
tests  to  fully  determine  the  quality  of  material,  workmanship,^  and 
quality  control  procedures. 

35.2  Vendor  shall  notify  the  Chief  Inspector,  Air  Products  and  Chemicals, 
Inc.,  Allentovm,  Pennsylvania,  Telephone  Ho.  215-395-4911>  at  least 
72  hours  prior  to  hydrostatic  tests,  piping  fabrication,  and  start 
of  final  assembly. 

35.3  Shipment  shall  not  be  made  on  any  equipment  furnished  to  this 
specification  until  approved  by  the  Air  Products  arid  Chemicals,  Inc. 
Inspector  or  j.nspection  lias  been  waived  by  the  Air  Products  and 
Chemicals,  Inc.  Inspection  Departm.ent.  Such  release  shall  not 
relieve  vendor  of  the  responsibility  to  conform  to  requireraents  for 
material,  specifications,  and  workmanship. 

36.0  SH1PIH3T 

36.1  All  internal  surfaces  and  all  external  unpainted  surfaces  shall  be 
coated  v/ith  a suitable  rust  preventative.  Hon-lubricated  gas 
compressors,  as  v.'ell  as  oxygon  compressors  which  have  had  hot 
phosphate  treatment  (Parkerized)  m.ust  have  additional  protection 
for  shipping.  Hon-lubricated  compressors,  other  than  oxj’’gen 
compressors,  may  be  oil  dipped  (Lubrited)  at  the  time  of  the  hot 
phosphate  treati.cent  but  must  not  have  additional  rust  preservatives 
applied  after  assembly.  Oxygen  compressors  must  be  absolutely  oil 
free  in  the  gas  passages  ILmiting  any  surface  treatment  to  a 
flourinated  A sealed  asse^mbly  w'ith  a dry  gas  atmosphere  and 

a dessicant  charge  is  recontnended  in  addition  to  other  preservation. 
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•^6.0  3!fjr;:'r-i-  (cont'd)  . . 

. '36.2  Ihe  lube  oil  sy.sten;  ^jhal.l  be  flushed  v/ith  rust  preventative, 


36.3 


Equipment,  including  all  piping,  shall  be  painted  v/ith  manufacturer’s 
standard  prime  coat  or  v;ith  paint  specil’icd  in  the  order. 


36.4  All  major ^items  shall  be  suitably  skidded.  All  small  items  shall' 
be  wrapped  in  waterproof  paper  and  boxed.  Open  j'jipc  cormcctions, 
frar:e  openings  and  cylinder  ends  shall  be  covered  v/?lth  v/ood  or 
metal  llanges  to  assure  tight  seals  during  transit  and  field 
storage. 


36.5  All  skids  and  boxes  shall  be  marked  v/ith  applicable  order  number, 
project  or  item  number  and  destination. 


36.6  All  skids  and  boxes  shall  be  numibered.  * 

36.7  A copy  of  the  packing  list  shall  be  furnished  to  the  Purchaser 
listing  contents  by  skid, or  box  number. 
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GP’ECirjCATICII  FOR  PROCESS  PI?II:g  EOUir.iEirr  EP^CTICI'T 
GEITERAvL 


The  scope  of  work  required  of  the  Contractor  includes,  but  is  not  li.ciited 
to,  the  fabricating,  cleaning,  decontaninating,  testing,  etc.,  and  the 
furnisn:ng  and  :nstalling  cf  all  pipe,  tubing,  pipe  fittings,  valves, 
gaskets,  bolts  and  nuts,  welding  rod,  solder,  flux,  thread  dope,  lead, 
henp,  valve  packing,  etc.,  as  required  for  the  ccr.plete  installaticn  cf 
the  process  equipnent  and  piping  systens  ready  for  "on  streaa"  coeration. 
Fabrication  and  inspection  of  all  piping  shall  be  per  USAS  B31.3*and  B31. 
except  as  modified  herein. 

' MAT5RIAIB 

/□_!  material  shall  be  of  first=class  quality,  free  from  defects  and 
iinperfecticns , of  recent  manufacture,  \inused,  and  of  the  classificaticn 
and  grade  specified,  and  shall  comply  with  these  specifications  and 
Air  Products  and  Chemicals,  Inc,  Design  Engineering  Standards. 

Screwed  plugs  shall  be  steel,  Tparstock  for  1-1/2"  and  smaller  and 
seamless  bull  plugs  for  2"  and  larger. 

’Aliere  butt  weld  fittings  are  specified,  all  elbows  shall  be  long 
radius,  unless  otherwise  specified. 

All  weld  neck  flanges  and  buttweld  valves  shall  be  of  the  same 
schedule  bore  as  the  piping  to  which  they  are  to  be  welded. 

APPI,1CA3LS  PUBLIC ATIO'iS  AIR)  REFEREIiCES 

The  Air  Products  and  Chemicals,  Inc.  Design  Engineering  Standards,  cedes 
and  standards  listed  below  are  i’eferred  to  herein.  The  requirements 
contasnec.  in  them,  and  in  am.endments  or  agenda  thereto  fens  a part  of  the 
requirements  of  this  specification  in  the  manner  and  to  the  extent 
indicated  herein.  All  codes,  standards,  and  specifications  shall  be  of 
the  latest  editions. 


AIR  PRODUCTS  AIID  CKSIICALS , INC.  STAITDAPJS 
Sections  500  to  556  - Contractors*  Volsme 


USA  STAI.DAJIDS  INSTITUTE 

USAS  B3I.3  Petroleum  Refinery  Piping 
USAS  B3I.5  Reirgeration  Piping 

A.S1E:  EOILSR  A?rP  PRESSURE  \TSSEL  CODE 

Section  'ATII  Unfired  Pressure  Vessels 
Section  IX  'Xelding  qualifications 


\J1 
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Section  200,  pa^c  2 


200.3.1* 

200.  U 

200.4.1 

200.4.2 

200.4.3 

200.4.4 
200.5 

200.5.1 

200.5.1. 

200.5.1. 

200.5.1. 

200.5.1. 

200.5.1. 

200.5.2 
4/2/69 

mr 


AS'I'!-!  S?rCIFJCATIC'!3 


As  listed  in  any  of  the  above  sections. 


OUAXIFICATTCyS  PrCUIRITD  FOR  '•iFUinG  PP.OCEDUPFS,  V.TLDEHS,  AirD  '■rELD,TiO  CFFPA.O' 


All  pipe  veldins  shall  be  made  according  to  qualified  procedures 
as  developed  by  the  Contractor,  a.nd  by  qualified  welders  and  welding 
operators  in  accordance  with  the  requirements  of  USAS  B31-5, 

Section  527,5,  '^Qualification,"  and  Section  527.6  "Records"  except 
as  modified  herein. 


The  Contractor  shall  furnish  to  the  Air  Products  and  Chemicals,  Inc. 
Representative  two  (2)  copies  each  of  all  Welding  Procedure 
Specifications  in  accordance  v.'ith  the  applicable  codes.  Welding 
Procedures  shall  be  approved  by  Air  Products  and  Chemicals,  Inc.  prior 
to  initiating  production  of  welding. 

Each  v;elder  shall  be  qualified  for  this  project  and  his  qualification 
certificate  shall  be  on  file  in  the  Contractor’s  jobsite  office  and 
made  available  to  the  Air  Products  and  Chemicals,  Inc.  Representaoive . 


Cost  of  all  qualifications  shall  be  borne  by  the  Contractor . 
QUAITFICATIO!:  FOR  EKAFFRS 

The  Contractor  shall  have  personnel  qualified  for  torch  brazing  in 
accordance  with  USAS  B31.5j  Section  528,  "Brazing  and  Soldering," 
and  as  follows: 

The  test  for  qualification  of  each  brazer  shall  be  performed 
in  the  presence  of  the  Air  Products  and  Chemicals,  Inc. 
Representative . 

The  material  used  for  the  test  shall  be  pipe  or  tube  and  fittings. 


The  Air  Products  and  Chemicals,  Inc.  Representative  shall 
visually  inspect  the  test  specimen  and  accept  or  reject  the 
joints  prior  to  further  processing. 

Specimens  apprbved  shall  be  sectioned  and  prepared  for  peel 
testing  in  accordance  with  the  Code. 

The  requirements  which  the  processed  test  specimens  must  meet 
are  listed  below.  Specimens  which  fail  to  meet  the  f cllc:- ' r.g, 
requirements  shall  be  cause  for  rejection. 

The  separated  faying  surfaces  of  the  specimens  shall  show: 

(a)  The  total  bonded  area  of  all  faying  surfaces  have  2'  ' i 

Cost  of  all  qualifications  shall  be  borne  by  the  Contractor. 
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Fv:ute-z:;t  erkctio?: 

The  Contractor  chall  erect,  alien,  i.et,  support  and  crout  all  Air 
Products  and  Chemicals,  Inc.  furnished  equipment  in  accordance  v;ith  the 
contract  drav;ines  and  specifications. 


The  Contractor  shall  employ  the  best  practices  of  the  trade  to 
prevent  damage  to  equipment  or  injury  to  personnel. 

The  Contractor  shall,  prior  to  lifting  any  pieces  of  equipment, 
reviev;  his  lifting  arrangement  vrith  the  Air  Products  and  Oiemicals,  Inc. 
Representative.  Such  review  does  not  relieve  the  Contractor  of  the 
responsibility  for  safe  equipment  handling. 

The  Contractor  shall  assume  full  responsibility  for  providing 
adequate  temporary  supports  for  the  equipment  during  erection. 

Unusual  veather  and  safety  must  be  gi\-en  primary  consideration  and 
any  inadequacies  which  may  be  called  to  the  Contractor's  attention 
by  the  Air  Products  and  Chemicals,  Inc.  Representative  shall  be 
immediately  corrected. 

The  Contractor  shall  provide  shims  of  proper  material  and  size  for 
steel  to  concrete  load  transfer  and  to  obtain  the  elevations  as 
shown  on  the  contract  drawings. 


The  Contractor  shall  cut  nozzles  on  Air  Products  and  Chemicals,  Inc. 
furnished  equipment  to  proper  dimensions  and  nozzle  ends  shall  be 
prepared  for  joining  to  piping  as  described  in  other  paragraphs  of 
this  specifi  cation.  The  Contractor  shal.1  clean  nozzles  free*  of  all 
chips,  burrs,  dirt,  and  any  foreign  material  before  joining  to  piping.’ 
Nozzles  shall  be  temporarily  resealed  for  full  waterproof  protection"^ 
after  preparation  for  fit-up  unless  piping  is  to  be  immediately 
installed.  Tne  utmost  care  must  be  exercised  at  all  times  to  prevent 
contamination  from  any  source. 

PIPE  V.’ORK 


The  Contractor  shall  perform  all  piping  work  in  accordance  vrith  the 
current  editions  of  tne  applicable  codes,  specifications  and  standards 
listed  in  other  sections  of  these  specifications  and  the  following: 


pls.ee  of  tees,  saddles  "and  vrelding  bosses  such  as  vreldolets  and 
for^r^ed  steel  couplings  of  proper  material  and  adequate  pressure  rat:n.~ 
may  be  used.  Unless  specifically  sho-.ai  on  the  dravrings,  the  Contractor 
shall  not  do  branch  welding  (stub-ins). 

All  branch  connections  shall  be  vrelded  in  accordance  vrith  the  Code 
for  Pressure  Piping  USAS  B31.5,  Chapter  V,  Fig.  527. 4. 6d. 

Branch  conuiecticns  shall  not  intersect  the  longitudinal  seam  of 
vrelded  pipe  headers. 


Air  Products  and  Chemicals,  Inc. 


Section  200,  Page  U 


200.7. 

200.7.5 


The  longitudinal  seains  of  welded  pipe  in  adjoining  pipe  sections 
shall  be  staggered. 

All  flange  bolt  holes  shall  straddle  the  natural  centerlines  in 
all  directions. 


200.7.6 


200.7.7 


200.7.8 

200.7.9 


200.7.10 


200.7.11 


Large  fabricated  tees  and  mitered  bends  shall  be  backwelded  on 
the  inside  of . the  fitting.  In  mitered  bends  in  pipe  sizes  lU" 
and  larger,  an  extra  segment  shall  be  included  to  allow  welding 
inside. 

All  copper  tube  and  fittings  shall  be  silver  brazed  unless  other- 
wise noted. 

All  copper  tube  to  stainless  steel  Joints  shall  be  silver  brazed. 

Pipe  bends  shall  not  be  permitted  without  prior  approval  by 
Air  Products  and  Chemicals,  Inc.  Where  permitted  such  bends  shall 
have  a radius  of  not  less  than  five  (5)  times  the  nominal  pipe 
diameter  measured  to  the  pipe  centerline.  Pipe  bends  shall  be 
free  of  flat  spots  and  corrugations. 

All  bends  shall  not  exceed  an  out-of-roundness  tolerance  of  ten 
percent  (10J5)  of  the  outside  diameter  at  any  cross-section  of  the 
bend,  i.e.  , OP  majc.  - OP  min.  X 100  = 10^ 

OP  Nominal 

Open  ends  of  all  pipes,  valves,  etc.,  shall  be  kept  capped,  plugged 
or  covered  at  all  times  until  final  connections  are  made.  Wood 
and/or  rag  plugs  are  not  acceptable  and  shall  not  be  used. 


200.8  WELP  JOINT  PREPARATION  . 

The  Contractor  shall  prepare  all  welding  Joints  in  accordance  with  the 
current  edition  of  USAS  B31.5,  ASME  Boiler  and  Pressure  Vessel  Code, 
Section  IX  and  the  following: 


200.8.1 


200.8.2 


200.8.2.1 


200.8.2.2 


200.8.2.3 


Stainless  steel  pipe  shall  be  cut  only  by  mechanical  devices. 

Robvon  TjT>e  "C"  or  equal  backup  rings  shall  be  used  as  follows 
on  butt  welded  Joints  2-1/2"  and  larger,  except  as  noted  in 
Paragraph  200 .8.2.2. 

Backup  rings  shall  be  used  on  all  aluminum  piping. 

Backun  rings  shall  not  be  used  on  shop  fabricated  interstage 
compressor  piping  or  compressor  discharge  piping  in  oxj'gen 
service. 

Backup  rings  shall  be  used  for  field  closures  on  all  pining 
excent  for  interstage  compressor  niping  or  compressor  dis- 
charge piping  in  oxygen  service. 
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200.8*2.14 

200.8.2.5 


200.8.2.6 


Backup  rings  may  be  used  on  all  other  shop  fabricated  piping. 

Welds  of  orifice  flanges  shall  be  made  without  the  use  of 
backup  rings.  The  upstream  and  downstream  welds  shall  be 
ground  internally  so  that  the  inside  diameter  at  the  weld 
is  within  1%  of  the  published  inside  diameter  for  the 
schedule  of  pipe  specified.  Any  purchased  meter  runs  will 
require  installation  in  the  process  pipe  at  the  upstream 
and  do'vni stream  ends  without  the  use  of  backun  rings. 

Stainless  steel  backup  rings  shall  be  used  at  field  Joints 
combining  stainless  steel  pipe  or  fittings  to  carbon  steel 
pipe  of  fittings. 


200.9  WELDING  PROCEDURE 

^0*9.1  CARBON  AND  STAINLESS  STEEL  WELDING 


200.9.1.1 


200.9.1.2 


All  welding  of  schedule  5 and  schedule  10,  stainless  steel 
piping,  and  carbon  to  stainless  steel  piping,  shall  be  performed 
by  the  inert  gas  tungsten  arc  method.  All  welding  of  stainless 
steel  piping  and  stainless  steel  to  carbon  steel  piping,  heavier 
than  schedule  10,  shall  be  performed  by  the  inert  gas  tungsten 
arc  method  for  the  root  pass  and  may  be  completed  with  the 
coated  electrode  process.  All  welding  of  carbon  steel  piping 
shall  be  performed  by  the  metallic  arc  process  or  inert  gas 
shielded  arc  process,  using  direct  current  exclusively,  except 
piping  in  oxygen  service  which  shall  be  performed  by  the  inert 
gas  tungsten  arc  method  for  the  root  pass  and  may  be  completed 
with  the  coated  electrode  method. 

Polarity  for  welding  stainless  steel  shall  be  negative  electrode 
for  inert  gas  shielded  arc  welding. 


200.9.1.3 


200.9.1.^4 


200.9.1.5 


Welding  electrodes  shall  conform  to  AS174  Specification  A233-148T, 
Classification  E-6OIO,  E-7OI6,  and  E-7018  for  mild  steel  piping. 
For  welding  Type  30h  stainless  steel.  Type  308  filler  wire 
shall  be-  used.  Filler  wire  for  welding  Types  3l6  and  3^7  bear 
the  same  type  numbers  as  the  base  metal.  For  welding  carbon 
steel  to  30k  stainless  steel,  use  Type  310  filler  wire. 

Materials  being  welded  shall  be  carefully  fitted,  aligned,  and 
retained  in  position  during  the  welding  operation.  Adequate  and 
proper  tackwelding  will  be  considered  acceptable.  Tacks  shall 
not  obstruct  a full  penetration  weld. 

The  inside  surfaces  of  piping  components  to  be  Joined  by  butt 
welding  shall  be  aligned  so  that  the  misalignment  at  any  point 
on  the  inside  circumference  does  not  exceed  I/16  inch  or  1/^4  the 
nominal  thickness  of  the  component  with  the  thinnest  wall, 
whichever  is  smaller. 
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200.9.1.6 


200*9. l.T 


200.9.1.8 


200.9.1.9 


200.9.1.10 


200.9.1.11 


200.9.2 


200.9.2.1 


Before  starting  to  veld,  tacks  must  be  thoroughly  cleaned. 

At  least  one  pass  per  1/8”  of  wall  thickness  shall  be  made. 
Downward  welding  will  not  be  permitted.  Slag  shall  be  removed 
l)efore  depositing  succeeding  layers.  All  velds  shall  have  full 
penetration  and  complete  fusion.  The  finished  veld  shall  be 
uniform,  with  the  toe  or  edge  of  the  weld  merging  smoothly  into 
the  base,  metal.  Butt  welds  shall  have  slight  reinforcement 
built  up  gradually  from  toe  or  edge  toward  the  center  of  the 
veld.  Fillet  velds  may  be  slightly  concave  on  the  finished 
surface.  No  undercutting  or  overlapping  is  permitted. 

Should  cracks  or  blow  holes  occur  on  the  surface  of  any  welding 
bead,  they  shall  be  chipped  or  grounded  out  to  remove  the  defect, 
then  wire  brushed  in  order  to  present  a surface  from  which 
complete  fusion  may  be  obtained  with  the  next  successive 
welding  bead.  Peening  to  cover  defects  shall  not  be  allowed. 

Welding  by  creating  a heat  pattern  at  a circumferential  Joint 
can  draw  in  the  veld  and  the  base  metal  in  the  heat  affected 
zone,  so  as  to  create  a belling  in,  giving  a reduction  of  the 
area  of  the  nipe  or  tube.  This  belling  or  distortion  is 
undesirable  and  the  following  limitations  are  placed  on  it: 

The  belling  or  distortion  tolerance  cannot  exceed  one 
percent  of  the  actual  outside  diameter  or  l/l6  inch, 
whichever  is  larger,  this  belling  or  distortion  can  be 
measured  by  comparing  the  actual  outside  diameter  at 
the  belled  or  distorted  area. 

For  carbon  steel  welding  each  welder  shall  identify  his 
production  welds  by  stamping  his  regularly  assigned  identi- 
fication number  on  the  pipe  adjacent  to  the  veld  on  all 
carbon  steel  material.  Stamps  shall  be  low-stress  type  with 
a round  or  shaped  cross-section. 

For  stainless  steel  welding  each  welder  shall  identify  his 
production  velds  by  etching  with  an  electric  pencil,  his 
regularly  assigned  identification  number  on  the  pipe  adjacent 
to  the  weld  on  all  stainless  steel  material. 

ALUlilNU!^  WELDING 


Aluminum  welding  shall  be  performed  by  either  the  Inert  Gas 
Shielded  Metal  Arc  V/elding  process,  with  tungsten  electrode, 
(tig)  using  alternating  current  exclusively,  or  by  the  Inert 
Gas  Shielded  Metal  Arc  Process  with  consumable  electrode, 
(MIG).  The  MIG  welding  process  may  only  be  employed  on  pipe 
welding  on  pipe  diameters  of  8-inch  or  larger.  No  single  pass 
or  filler  bead  shall  be  more  than  3/^-inch  in  width.  Only 
stringer  passes  shall  be  acceptable.  “Wash”  type  passes  will 
not  be  acceptable. 
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200.9.2 


200.9.2. 

200.9.2. 

200.9.2. 

200.10 

200.10.1 

200.10.2 

200.10.3 

200.10. U 
200.10.5 

11-17-69 

mh 


The  types  of  filler  metal  to  be  used  for  welding  various 
aluminum  alloy  pipe  combinations  are  given  in  the  following 
table : 


3 

U 


5 


Filler  Metal  Aluminum  Alloy  Combination 


1100 

1*043 

5356 

5356 

5356  or  5556 
5356  or  5556 


type  3003  to  3003 
type  3003  to  6o6l 
type  3003  to  5083 
type  5083  to  5083 
type  606l  to  6o6l 
type  606l  to  5083 


All  edges  shall  be  prepared  for  TIG  or  MIG  welding  with  the 
use  of  proper  tools  and  preparation  methods. 

Clean  all  surfaces  to  be  welded  of  oil,  grease  and  dirt. 

Vapor  or  solvent  degreasing  will  usually  be  satisfactory. 

If  heavy  oxide  is  present  on  the  metal  surface,  they  shall  be 
cleaned  by  such  mechanical  means  as  stainless  steel  wire 
brushing.  Each  weld  pass  shall  be  thoroughly  cleaned  with 
stainless  steel  wire  brush  prior  to  placing  the  succeeding  pass. 

Each  welder  shall  identify  his  production  welds  by  etching 
with  an  electric  pencil,  his  regularly  assigned  identification 
number  on  the  pipe  adjacent  to  the  weld  on  all  aluminum  material 


SILVER  BRAZING 


The  Contractor  shall  perform  all  silver  brazing  in  accordance  with  the 
following: 

Fittings  shall  be  round,  true  and  new.  Fittings,  once  brazed,  shall 
not  be  reused,  unless  approved  by  the  Air  Products  and  Chemicals,  Inc 
Representative. 

Copper  pipe  and  tube  shall  be  cut  to  desired  length  with  a square 
cut  in  a square  end  sawing  vise  or  with  a power  saw,  true  to  size, 
deburred  and  cleaned;  tube  cutters  shall  not  be  used. 

Pipe  or  tube  and  socket  shall  be  cleaned  to  bright  metal  immediately 
prior  to  brazing.  The  pipe  or  tube  shall  be  cleaned  for  a distance 
slightly  more  than  the  depth  of  the  fitting-socket.  Cleaning  shall 
be  done  carefully  so  that  the  proper  clearance  is  maintained  between 
the  pipe  or  tube  and  fitting. 

Flux  shall  be  applied  to  both  members,  immediately  prior  to  brazing. 

Silver  brazing  operators  shall  use  approved  techniques  which  will 
produce  Joints  of  1001?  penetration  of  full  socket  depth  consistently. 
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200.10.6 

200.10.7 

200.10.8 

200.10.9 

200.10.10 
200.10.11 

200.10.12 

200.10.13 


Wherever  possible,  solder  Joints  shall  receive  an  internal  visual 
inspection  by  optical  inspection  devices. 

Brazing  wire  shall  be  Handy  Hannon  Easy  Flow  ^35  for  copper  to 
copper  and  #^5  for  stainless  steel  to  copper  and  brazing  flux  shall 
be  Handy  and  Haxmon  Handy  Flux. 

Solder  joints  shall  be  kept  as  far  as  possible  from  threaded  Joints. 
In  all  cases,  the  distance  shall  be  sufficient  to  prevent  the  heat 
of  soldering  from  destroying  the  effective  seal  of  Joint  compound. 

All  Joints  which  show  evidence  of  overheating,  cracking,  poor 
penetration,  or  other  defects  of  fit-up  or  workmainship,  shall  be 
replaced  as  directed  by  the  Air  Products  and  Chemicals,  Inc. 
Representative. 

Each  brazing  operator  shall  identify  his  work  by  making  his  regularly 
assigned  identification  symbol  on  the  tube  adjacent  to  the  Joint, 
at  the  time  the  Joint  is  made,  in  the  manner  approved  by  the 
Air  Products  and  Chemicals,  Inc.  Representative. 

All  brazed  joints  shall  be  subject  to  the  Inspection  of  the  Air 
Products  and  Chemicals,  Inc.  Representative.  The  Contractor  shall, 
at  the  discretion  of  the  Air  Products  and  Chemicals,  Inc.  Repre- 
sentative, cut  brazed  Joints  out  of  lines,  saw  in  half  and  tear 
apart,  to  continually  monitor  brazing  operators  techniques. 

This  monitoring  shall  be  compensated  for  as  follovfs: 

Defective  Joints  and  their  repair  shall  be  to  the  Contractor’s 
account.  Sound  joints  that  have  been  destructively  tested  as 
indicated  above  will  be  paid  for  by  Air  Products  and  Chemicals,  Inc. 

Should  testing  under  other  sections  of  these  specifications  reveal 
unsound  brazed  Joints,  the  Contractor  shall  disassemble  and  replace 
fitting  with  new  material  or  with  the  Air  Products  and  Chemicals,  Inc 
Representative's  approval,  reclean  to  a bright  finish  and  reassemble 
those  Joints  which  were  unsatisfactory. 


200.11  THREADED  JOINTS 


The  Contractor  shall  make  up  all  threaded  piping  with  as  few  Joints  as 
possible.  All  threaded  Joints  shall  be  made  with  clean-cut  taper  threads 
conforming  to  National  Taper  Thread  Dimensions.  Piping  shall  be  reamed 
of  burrs  and  kept  clean  of  scale,  dirt  and  chips.  All  connections  shall 
be  permanently  gas-tight  and  watertight.  Unions  shall  be  provided  as 
shown  on  the  drawings,  or  as  required  for  proper  assembly  and  disassembly. 
Couplings  shall  not  be  used  excent  where  pipe  is  more  than  sixteen  (l6) 
feet  in  straight  length  between  fittings.  All  threaded  Joints,  including 
those  for  oxygen  service,  shall  be  made  with  "Pemacel  ^12  Ribbon  Dope*’ 


11-17-69  • 

mh 


Air  Products  and  Chemicals,  Inc. 


Section  200,  Page  9 


200.11 

200.12 


200.12.1 

200.12.2 

200.12.3 

200.12.1* 

200.12.5 

200.13 


THREADED  JOIIITS  (Cont'd.) 


(made  by  Pemacel  Corporation,  Brunswick,  H.J.),  or  "Thred  Tape"  (made 
by  Crane  Company),  thread  sealing  compound,  except  in  the  case  of  pining 
c^rying  freon.  The  Joints  shall  be  made  up  using  "Lead  Lock"  by  High 
Side  Chemical,  Inc.,  10  Colfax  Avenue,  Clifton,  New  Jersey,  or  as  indi- 
cated on  Air  Products  and  Chemicals,  Inc.  Standard  570.5.1.  For 
Instrument  Air  Headers  only  (Galv.  Carbon  Steel  threaded  pipe)  General 
Electric  Glyptol  if  1201  shall  be  used  as  a thread  dope. 


EQUIPMENT  AND  PIPE  SUPPORTS.  GUIDES  AND  ANCHORS 


The  Contractor  shall  furnish  and  install  all  equipment  and  pipe  supports, 
guides  and  anchors  required  in  accordance  with  the  contract  drawings, 
these  specifications,  and  as  may  be  required  to  provide  adequate  supports 
I or  a satisfactory  operating  installation. 


Beam  clamps  and  mechanical  attachments  shall  be  employed  to  support  piping 
from  structural  steel  members.  Supports  shall  be  welded  to  structural 
ers  only  where  specifically  required  by  the  contract  drawings,  other- 
wise,  field  welding,  burning  or  drilling  will  not  be  permitted. 

During  the  construction  period,  the  Contractor  shall  furnish  and 
install  necessary  temporary  piping  and  equipment  supports.  As 

permanent  supports  are  installed,  the  Contractor  shall  remove 
temporary  supports. 

The  Contractor  shall  provide  and  install  anchor  bolts,  expansion 
shields  and  bolts,  etc.,  as  required,  to  erect  and  attach  supports. 

Materials  for  pipe  supports,  guides  and  anchors  shall  be  in 
accordance  with  the  contract  drawings,  other  sections  of  these 
specifications  and/or  the  requirements  of  the  Air  Products  and 
Chemicals,  Inc.  Representative. 

All  pipes  passing  through  masonry  construction  shall  be  fitted  with 
pipe  sleeves.  Sleeves  shall  be  standard  weight  steel  pipe  of 
sufficient  length  to  pass  through  the  entire  thickness  of  the  floor 
or  wall  and  shall  be  cut  flush  with  each  surface,  except  as  other- 
wise specified.  The  Contractor  shall  furnish  and  set  all  sleeves 
and  be  responsible  for  their  proper  and  permanent  location. 

2-1/2  and  under  shall  be  adequately  and  permanently 
supported  as  part  of  the  contract  work  although  not  specifically 
indicated  on  the  contract  drawings. 

UNDERGROUND  PIPING 


The  Contractor  shall  furnish  and  install  all  underground  piping  in 
accordance  with  the  contract  drawings  and  these  specifications. 
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Open  ends  of  all  pipe,  valves,  etc.,  shall  be  kept  capped,  plugged, 
or  covered  until  final  connection's  are  made. 

The  Contractor  shall  excavate  whatever  substance  is  encountered 
for  all  piping,  manholes,  pits,  and  other  underground  work*  Trenches 
shall  be  of  sufficient  width  for  installation  and  inspection  of  pipe. 
Bottom  of  trench  shall  be  trimmed  so  that  the  lover  portion  of  pipe 
is  continuously  supported  on  undisturbed  soil  until  the  slope  of  pipe 
is  uniform  between  established  elevations. 

If  rock  or  shale  is  encountered,  sand  cusion  shall  be  provided. 

Cushion  shall  continuously  support  the  lower  third  of  the  pipe 
circumference.  Thickness  of  sand  under  pipe  shall  vary  from  3-inches 
(U-  to  6-inch  pipe)  to  8-inches  (8-  to  2U-inch  pipe). 

Depth  of  piping  for  various  underground  lines  shall  not  be  less 
than  shown  on  the  contract  drawings. 

Unless  otherwise  specified,  underground  steel  pipe  shall  be  protected 
by  one  of  the  following: 

Application  of  two  (2)  coats  of  Val-Chem  Tar-Coat  78-J-2  as 
manufactured  by  the  Mobil  Chemical  Company,  Metuchen,  New  Jersey, 
or  "Tarset”  as  manufactured  by  USS  Chemicals,  Division  of 
U.S.  Steel  Corp.,  ^00  Manner  Building,  56U  Forbes  Street, 
Pittsburgh,  Pennsylvania.  The  Manufacturer's  instructions  for 
preparation  of  surfaces  and  application  of  coating  shall  be 
strictly  adhered  to.  Each  coat  shall  be  applied  at  a minimxom 
thickness  of  lU  mils  wet  to  obtain  a dry  minimum  thickness 
of  8 mils.  All  surfaces  shall  be  covered  with  an  even  coat 
having  a dry  film  thickness  of  l6  mils  minimum. 

Use  nine  coated  with  plasticized  coal  tar  enamel  and  kraft 
paper  wrap  in  accordance  with  Pipe  Line  Service  Corporation 
Specification  B-2GF.  All  fittings  and  field- fabricated  joints 
shall  be  covered  with  2"  vide  Protecto  Wrap  ff200  Cold  Applied 
Tape  and  1170  Primer  as  distributed  by  Kenneth  Peisker  Co. , 

5^3  Pennsylvania  Avenue,  Glen  Ellyn,  Illinois.  Tape  shall  be 
sniral  vranned  for  U"  on  both  sides  of  each  veld  in  accordance 
with  the  manufacturer's  application  procedure. 

Use  pipe  coated  with  polyethylene  coating  (Xtru-coat).  All 
fittings  and  field-fabricated  joints  shall  be  covered  with 
polyethylene  tape  (Xtru-tape)  or  "Thermofit*'  heat-shrinkable 
sleeves  as  manufactured  by  Rayclad  Tubes,  Inc.,  Redwood  City, 
California.  Application  shall  be  in  accordance  with  the  manu- 
facturer's application  procedure. 

Coated  pipe  shall  be  handled  carefully  to  prevent  damage  to  the 
coating.  Small  imperfections  caused  by  improper  application  of 
coating  or  improper  handling  of  the  coated  pipe  may  seriously  affect 
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its  protection  value.  After  Installation,  all  coating  shall  be 
spark  tested  to  detect  holidays  with  a tester  similar  to  that 
manufactured  by  Tinker  and  Rasor,  P.  0.  Box  28l,  San  Gabriel, 
California.  Test  voltage  shall  not  exceed  6000  volts  nor  be  less 
than  4000  volts.  All  defects  detected  in  this  test  shall  be 
repaired  to  provide  continuity  in  the  coating  and  then  retested. 

After  the  pipelines  have  been  tested,  coated,  inspected  and  approved 
by  the  Air  Products  and  Chemicals,  Inc.  Representative,  the  excavation 
shall  be  cleaned  of  trash  and  debris.  Rocks  or  stones  shall  not 
be  dumped  directly  upon  pipe  when  backfilling.  The  backfilling 
material  shall  consist  of  excavation  or  borrow  of  sand  or  gravel. 
Backfill  shall  be  placed  in  layers  not  to  exceed  9"  thickness  and 
properly  moistened  to  approximate  optimum  requirements.  Each  layer 
shall  be  compacted  by  hand  or  machine  tampers,  or  by  other  suitable 
means  to  a density  that  will  prevent  excessive  shrinkage  or  settlement. 
Backfill  shall  be  brought  to  a suitable  elevation  above  grade  to 
provide  for  anticipated  settlement  or  shrinkage.  Excess  excavated 
material  shall  be  disposed  of  on  the  site  as  directed. 

Backfill  shall  be  placed  around  manholes,  pits,  and  other  work. 

This  shall  be  clean  subsoil  material  placed  in  9"  layers.  Each 
layer  shall  be  thoroughly  compacted. 

Cinders  shall  not  be  used  for  backfill. 

CLEANING  OF  PIPE  AND  ASSOCIATED  SYSTEMS 

The  Contractor  shall  clean  and  hydrocarbon  decontaminate  all  process 
piping  in  accordance  with  contract  drawings  and  these  specifications. 
Ineffective  cleaning  of  pipe  or  equipment  is  extremely  hazardous  and  can 
result  in  loss  of  life,  damage  to  property,  and  product  impurities.  Proper 
cleaning  cannot  be  overemphasized.  If  doubt  exists  as  to  whether  the  line 
or  equipment  has  been  cleaned  properly  or  whether  the  line  has  become 
contaminated,  it  shall  be  recleaned  at  the  Contractor's  expense.  The 
Air  Products  and  Chemicals,  Inc.  Representative's  decision  concerning  the 
degree  of  cleanliness  which  is  acceptable  shall  be  final.  The  Contractor 
shall  be  responsible  for  cleaning  any  Air  Products  and  Chemicals,  Inc. 
furnished  random  pipe  and  fittings  which  require  final  fabrication  by 
the  Contractor. 


The  Contractor  shall  clean  or  clean  and  decontaminate  all  pining 
as  follows : 


Steam,  condensate,  above  ground  fire  protection  and  cooling 
water  systems  shall  be  cleaned  in  accordance  with  Paragranh 
200.14.1.6  STANDARD  CLEANING. 
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Air  compressor  intake  lines  shall  be  cleaned  in  accordance  with 
Paragraph  200. lU.  1.7  CLEAIIING  OF  CARBOH  STEEL  PIPE  Al.'D  FITTINGS, 
and  the  interior  shall  be  painted  with  one  coat  of  epoxy  paint. 
Paint  shall  be  Sovapon  Radiance  Red,  Series  Number  8U-R-7 , as 
manufactured  by  Mobil  Chemical  Company,  Metuchen,  New  Jersey, 
or  approved  equal.  A 6-inch  clearance  shall  be  allowed  between 
painted  surfaces  and  any  field  welds. 

Lube  oil  systems  shall  be  pickled  in  accordance  with  Paragraph 
200. lU. 3 PICKLING  OF  CARBON  STEEL  PIPE  AND  FITTINGS. 

All  process  air,  oxygen,  nitrogen  and  argon  systems  downstream 
of  main  air  comnressor  shall  be  cleaned  and  decontaminated  in 
accordance  with  Paragraphs  200.ll*.1.7»  200.1^.1.8,  or  200. lU. 1.9, 
depending  on  pipe  material. 

The  Contractor  shall  clean  or  clean  and  decontaminate  or  pickle 
all  components  after  all  cutting  and  fit-up  has  been  perfonned 
and  prior  to  welding.  The  Contractor  shall  be  responsible  for 
any  hydrocarbons,  dirt,  or  foreign  matter  that  may  be  discovered 
in  the  assemblies  after  welding,  but  not  for  any  discoloration 
that  might  occur  as  a result  of  the  fumes  produced  in  welding. 

STANDARD  CLEAinNG 

All  pipe  and  fittings  shall  be  cleaned  of  all  foreign 
material,  such  as  scale,  sand,  weld  spatter  particles, 
cutting  chips,  etc.,  from  the  inside  by  any  suitable 
means,  such  as  a mechanically-driven  rotary  cleaning  tool 
and/or  a wire  brush,  etc. 

Blow  out  with  compressed  air. 

CLEANING  OF  CARBON  STEEL  PIPE  AND  FITTINGS 

The  interior  of  all  carbon  steel  pipe  and  fittings  shall 
be  blast  cleaned  with  Black  Beauty  Blast  Grit,  Grade  BB-U016, 
as  manufactured  by  H.  B.  Reed  and  Company,  Hammond,  Indiana, 
or  equal.  Blasting  shall  be  done  to  remove  all  mill  scale, 
rust,  varnish,  paint,  hydrocarbons  and  other  foreign  natter. 
The  pipe  shall  be  blown  out  with  dry  oil  free  air  or  nitrogen 
after  it  is  blast  cleaned. 

Immediately  after  the  completion  of  the  blast— cleaning 
operation,  the  pipe  and  fittings  shall  be  immersed  in  an 
unagitated  rinsing  solution  of  Oakite  Ifll  at  a concentration 
of  2 ounces  of  Oakite  ifll  per  gallon  of  water . The  solution 
shall  be  maintained  at  a temperature  of  200  degrees  Fahrenhei' 
The  solution  shall  be  allowed  to  dry  down  on  the  work  to 
provide  an  alkaline  activated  coating  to  the  surface  of  the 
work  to  act  as  a temporary  rust  inhibitor. 
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The  interior  of  all  carbon  steel  pipe  and  pipe  fittings 
vhich  cannot  be  blast  cleaned  shall  be  cleaned  in  accordance 
with  directions  given  in  paragranhs  following: 

Immerse  the  work  in  a solution  of  Oakite  )?77  at  a 
concentration  of  8 to  10  ounces  per  gallon  of  water,  main- 
tained at  a temperature  of  I80  to  200  degrees  Fahrenheit 
for- a period  of  time  ranging  from  30  minutes  to  one  hour. 

Since  the  immersion  time  is  variable  due  to  varying  degrees 
of  contamination  build-up  on  the  work,  the  actual  time 
required  must  be  determined  by  periodic  inspection.  To 
assure  the  removal  of  all  possible  soils,  especially  a 
type  of  varnish  used  by  pipe  manufacturers  as  a rust  retarder, 
a concentration  of  1-1/2$  by  volume  of  "Oakite  Stripper 
Additive"  shall  be  added  to  the  solution. 

Remove  work  from  cleaning  solution  and  rinse  in  potable  water 
at  ambient  temperature.  This  rinse  shall  be  moderately 
agitated,  by  using  compressed  air  or  other  mechanical  means, 
to  assure  the  removal  of  any  loose  soil  clinging  to  the 
surface  of  the  work. 

Following  the  rinse,  the  work  shall  immediately  be  immersed 
in  a solution  of  Oakite  ^31  and  water  at  a concentration 
of  $)%  by  volume.  This  solution  shall  be  maintained  at  a 
temperature  of  160  to  I80  degrees  Fahrenheit.  The  immersed 
time  required  shall  be  determined  by  periodic  inspection. 

Usual  time  required  is  30  minutes. 

Remove  work  from  cleaning  solution  and  rinse  in  potable  water 
at  ambient  temperature.  This  rinse  shall  be  heavily  agitated 
by  compressed  air  or  other  mechanical  means  to  assure  the 
removal  of  all  scale  and  rust. 

Following  the  second  rinse  the  work  shall  immediately 
be  immersed  in  an  unagitated  rinsing  solution  of  Oakite  if'H 
at  a concentration  of  2 ounces  of  Oakite  #77  per  gallon 
of  water.  This  rinse  shall  be  maintained  at  a temperature 
of  200  degrees  Fahrenheit.  This  solution  shall  be  allowed 
to  dry  down  on  the  work. 

In  the  preceeding  cleaning  procedures  the  first  stage  is 
to  remove  varnish  and  coarse  dirt  and  scale;  the  second  stage 
is.  to  assure  complete  removal  of  all  scale  and  rust,  and 
the  third  stage  is  to  provide  a temporary  rust  inhibitor. 

CLEAJlINCr  ALU?!irnj.!  PIPE,  FITTINGS,  PARTS  AND  FABRICATI0!JS 


200.14.1.8.1 


Prepare  a solution  of  Oakite  Aluminum  Cleaner  #l64  at  6 to 
8 ounces  ner  gallon  of  water.  Heat  solution  to  a temrerature 
of-  lOO  degrees  to  200  degrees  Fahrenheit.  Allow  parts  to 
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soak  in  solution  for  a period  of  time  required  for  complete 
removal  of  soils  and  contaminants.  Maintain  mild  agitation 
of  solution  by  means  of  compressed  air  introduced  into  solutic 

Upon  attaining  required  cleanliness  of  parts  or  fabrications, 
remove  from  cleaning  solution  and  immediately  immerse  in 
potable  water  rinse  at  ambient  temperature  using  violent 
air  agitation  of  rinse  water.  When  rinsing  tubing,  piping 
and  similarly  fabricated  parts,  an  internal  pressure  rinse 
is  recommended,  i.e.,  high  velocity  hose  stream. 

If  necessary,  the  following  method  shall  be  used  to  remove 
oxides  and/or  residue  from  initial  cleaning,  immerse  work 
in  a solution  of  Oakite  10  ounces  per  gallon  at  ambient 

temperatures  (but  not  less  than  60  degrees  Fahrenheit)  for 
a period  of  five  minutes. 

Following  the  above  process,  the  work  shall  be  thoroughly 
rinsed  in  a potable  water  rinse  at  ambient  temperature, 
using  violent  air  agitation  of  rinse  water. 

CLEANING  STAIIILESS  STEEL  MD  COPPER  PIPE,  FITTINGS,  PARTS  AlfD 
FABRICATIONS 

Prepare  a solution  of  Oakite  #77  at  a concentration  of 
6 to  8 ounces  per  gallon  of  water  maintained  at  a temperature 
of  l80  degrees  to  200  degrees  Fahrenheit.  Allow  work  to 
soak  in  the  solution  for  a period  of  time  required  for 
complete  removal  of  soils  and  contaminants. 

Upon  attaining  required  cleanliness  of  parts  or  fabrications, 
remove  from  cleaning  solution  and  immediately  immerse  in 
a potable  water  rinse  at  ambient  tanperature  using  violent 
air  agitation  of  rinse  water. 

If  necessary,  the  Air  Products  and  Chemicals,  Inc.  Repre- 
sentative may  require  the  following  method  be  used  to  remove 
stains,  residue  from  initial  cleaning,  or  similar  discolor- 
ation, immerse  the  work  in  a 25  percent  by  volume  solution 
of  Oakite  #31  maintained  at  a temperature  of  l60  degrees 
to  l80  degrees  Fahrenheit  for  a period  of  time  required 
for  complete  removal  of  all  stains  and  discoloration. 

Following  the  removal  of  stains  and/or  discolorations,  the 
work  shall  be  thoroughly  rinsed  in  a potable  water  rinse 
at  ambient  temperature,  using  violent  air  agitation  of 
rinse  water. 
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DESCRIPTION  OF  CLEANiriG  MEDIUMS 

Oakite  Stripper  Additive  - Neutral. 

Application:  Additive  to  any  regular  ALKALINE  Oakite 

solution.  Applicable  to  metals  vhich  vere 
initially  determined  suitable  for  the  Oakite 
solution  to  vhich  it  is  added. 

Purpose:  Considerably  reduces  cleaning  time  and 

improves  the  cleaning  ability  of  an  Oakite 
solution.  Used  to  accomplish  removal  of 
acrylic  and  epoxy  lacquers. 

Mixing  Proportions:  2 percent  to  10  percent  Oakite 

Stripper  Additive  to  any  alkaline 
Oakite  solution  by  volume. 

Operating  Temperature:  Do  not  heat  in  excess  of  l80  ®F. 

Precautions:  NEVER  ADD  Stripper  Additive  to  AN  ACID 

OAKITE.  An  active  reaction  will  occur. 

Do  not  allow  contact  with  skin  or  eyes. 

Oakite  #31  - Contains  Acid. 

Application:  All  metals,  except  aluminum. 

Purpose:  Removes  oxides,  rust,  oils  and  soils. 

Mixing  Proportions:  5 percent  Oakite  #31  to  water  by 

volume. 

Operating  Temperatures:  l60  ®F  to  180  ®F. 

Precautions:  Do  not  allow  to  contact  skin  or  eyes. 

t 

Oakite  - Acid  Power- Type  Material, 

Application:  For  treating  aluminum,  brass,  bronze  & 

copper. 

Purpose:  To  remove  oxides  and  brighten  metal  surfaces 

by  immersion  or  circulation. 

Mixing  Proportions:  6 ounces  to  the  gallon  by  snray  or 

circulation,  10  ounces  to  the  gallon 
by  tank  immersion. 

Operating  Temperature:  Room  Temperature. 

Equipment:  Stainless  Steel,  Alloy  3^4?,  3l6  ECL  or  30^4  ECL. 

Precautions:  Contains  chromates.  Do  not  allow  to  contact 

skin  or  eyes. 
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200.lU.l,10,U  Oakite  tfll  - Strong  Alkaline 

* Application:  All  metals,  except  aluminum. 

Purpose:  Remove  heavy  deposits  of  soils  and  oils. 

Remove  light  deposits  of  rust  and  scale. 

Mixing  Proportions:  8 to  l6  ounces  of  Oakite  ^77  to  one 

, gallon  of  water. 

Operating  Temperature:  l60  °F  to  l80  ®F. 

Precautions:  Do  not  use  at  temperatures  below  lUO  ®F,  or 

when  scum  forms  on  solution.  Do  not  allow 
contact  with  skin  and  eyes. 

200.14.1.10.5  Oakite  ^l6l  « Mild  alkaline  powder  material. 

Inhibited  against  attack  to  aluminum.  Contains 
depressants  to  prevent  excessive  foaming. 

Application:  Cleaning  aluminum  by  pressure  spray  or 

circulation  method. 

Purpose:  To  remove  all  types  of  soils  other  than 

stains  and  oxides. 

Mixing  Proportions:  3to  4 ounces  per  gallon. 

Operating  Temperature:  l80  ®F  to  200®F. 

Equipment:  Material  safe  on  all  metals.  Ordinary  steel 

solution  holding  tanks  for  spray  equipment 
are  suitable. 

200.14.1.10.6  Oakite  Aluminum  Cleaner  #l64  - Mild  alkaline  powder  material. 

Inhibited  against  attack  to 
aluminum.  Contains  depressants 
to  minimize  foaming  when  agitat 

Application:  Cleaning  aluminum. 

Purpose:  To  remove  all  types  of  soils  other  than 

stains  and  oxides. 

Mixing  Proportions:  6 to  8 ounces  to  the  gallon. 

Operating  Temperature:  l80  ®F  to  200  ^F. 

Equipment:  Safe  on  all  metals.  Ordinary  steel  tanks  are 

suitable. 

200.14,1.11  The  Contractor  shall  provide  holding  tanks  or  troughs  of 

sufficient  size  for  the  specified  0a};ite  solutions  and  rinses. 


\ 
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During  the  process  of  cleaning  the  pipe  and  fittings,  the 
Contractor  shall  perform  periodic  titration  of  the  cleaning 
solutions  to  assure  maint‘'nance  of  the  snecified  concentrations. 
Upon  renuest , titration  equipment  and  instructions  in  the  use 
thereof  will  be  furnished  free  of  charge  to  the  Contractor 
by  the  Oakite  Company. 

Heating  of  the  cleaning  solutions  and  rinses  as  specified  may 
be  accomplished  by  closed  steam  coils,  electric  or  gas  immersion 
heaters  or  any  other  method  sufficient  to  maintain  the  required 
temperatures. 

Fabricated  pipe  spools  which  have  been  cleaned  shall  be  capped 
or  plugged  until  time  of  final  inspection.  No  rags  shall  be 
used  to  plug  pipe  at  any  time. 

In  the  event  that  the  piping  becomes  contaminated  while  in  the 
possession  of  the  Contractor,  the  Contractor  shall  repeat  the 
cleaning  at  his  own  expense. 

INSPECTION  OF  HYDROCARBON  DECONTAMINATED  C0MP0HEI?TS 

All  components  requiring  decontamination  will  be  subjected  to 
inspection  and  will  be  considered  acceptable  when  they  pass  the 
following : 

Visual  inspection  under  bright,  white  light.  Any  square  foot 
may  contain  no  loose  particles  which  exceed  150  micron  size  and 
only  isolated  particles  larger  than  75  microns. 

Ultra-violet  (black  light)  inspection  shall  indicate  that  the 
cleaned  surfaces  are  free  of  any  hydrocarbon  fluorescence. 

Lint  or  dust  that  may  be  visible  under  the  black  light  shall 
be  removed  with  dry,  oil— free,  filtered  air  or  nitrogen. 


Wiping  with  a clean,  white  filter  paper  shall  indicate  no  evidence 
of  vegetable  or  animal  oils  which  are  not  detectable  by  ultra- 
violet inspection. 

PICKLING  OF  CARBON  STEEL  PIPE  AkT)  FITTINGS 

Carbon  steel  lube  oil  pipe  and  fittings  shall  be  pickled  and 
passivated  Just  prior  to  start-up  of  a particular  machine  or  piece 
of  equipment — as  follows: 

Pickling:  Immerse  in  hot  or  cold  solutions  of  Sulfuric 

hydrochloric . (muriatic)  or  phosphoric  acid  to  which  sufficient 
inhibitor  has  been  added  to  minimize  attack  on  the  base  metal, 
followed  by  thorough  rinsing  in  hot  water  above  1^40  ®F. 
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200.114.3.1  (Continued) 

Passivation:  Flush  with  2%  caustic  soda  solution. 

Finish:  Flush  with  oil  and  leave  an  oil  coat  interior  and 

cap  or  plug  ends  for  shipment. 

200.15  PIPING  tqlepa::ceg  - 

200.15»1  Dimensions  of  installed  piping  shall  be  as  shovm  on  the  contract 

drawings  within,  plus  or  minus  l/8-inch  for  pipe  up  to  and  including 
10-inch  nominal  pipe  size  and  plus  or  minus  3/l6-inch  for  12-inch  and 
larger  nominaJi  pipe  size.  Tolerances  shall  not  be  cumulative. 

200.15.2  Flanges  shall  not  be  out  of  square  more  than  3/6U-inch  per  foot  of 

outside  diameter  of  flange. 

200. 15* 3 Angular  tolerajices  shall  be  plus  or  minus  1/2  degree. 

200. 15»^  No  cold  springing  unless  specified  on  contract  drawings  will  be 

allowed  for  piping  fit-up.  Improperly  fitted  piping  shall  be  removed 
and  renlaced  as  directed  by  the  Air  Products  and  Chemicals,  Inc. 
Representative  at  the  Contractor's  expense. 

200.16  INSPECTION 

200.16.1  In  addition  to  any  required  code  inspection,  all  fabrication  and 
material  shall  be  subject  to  inspection  by  a representative  of 
Air  Products  and  Chemicals,  Inc.  Approval  of  fabrication  by 
insnection  or  waiver  of  inspection  shall  not  relieve  the  Contractor 
of  the  responsibility  to  conform  to  the  requirements  for  material, 
dimensional  accuracy,  workmanship,  specifications  or  code  requirements. 

200.16.2  All  velding^  operations  performed  shall  be  subject  to  spot  radiographic 
examination  in  accordance  with  the  A.SME  Boiler  and  Pressure  Vessel  Coae 
Section  VIII,  Unfired  Pressure  Vessel,  Paragraph  UW-52  (latest  revision 
The  final  field  Joints  of  Oxygen  Compressor  interstage  or  discharge 
piping  shall  be  subject  to  100^  radiographic  examination. 

200.16.2.1  Surfaces  inspected  shall  be  free  of  all  moisture,  residue, 

discoloration  (other  than  that  which  is  due  to  the  metal), 
particles  having  a diameter  larger  than  500  microns  (.020  inch) 
and  fibers  exceeding  2C00  microns  (.080  inch)  in  length.  The 
surface,  shall  also  be  free  of  any  excessive  concentration  of 
smaller  particles  or  fibers  detectable  with  the  naked  eye. 

200.16.3  The  cost  of  spot  radiographic  examination  of  velds  will  be  paid 
separately  by  Air  Products  and  Chemicals,  Inc.  The  Contractor  shall 
quote  the  cost  in  accordance  with  standard  rates. 

200.16. U The  Contractor  shall  be  resnonsible  for  any  rework  and  radiographic 

re-oxamination  of  fabrication  that  does  not  conform  to  the  radio- 
granhic  examination,  Air  Products^ and  Chemicals,  Inc.  inspection 
requirements,  or  ^hese  specifications. 
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200.17  TESTi:iG 


200.17.1 


200.17.2 


All  tests  shall  be  performed  in  the  presence  of  and  to  the 
satisfaction  of  the  Air  Products  and  Chemicals,  Inc.  Representative. 
The  Contractor  shall  notify  the  Air  Products  and  Chemicals,  Inc. 
Representative  in  advance  of  any  test  performance. 

All  piping  systems  shall  be  tested  with  dry  and  oil-free  air  or 
nitrogen,  by  the  Contractor  after  installation  of  piping.  When- 
ever compressed  air  is  employed  for  pressure  testing  process  piping, 
it  shall  be  passed  through  a silica  gel  or  activated  alumina  drier' 
at  high  pressure  before  entering  the  system  being  tested;  and  it 
shall  have  a dewpoint  of  minus  Uo°F  or  lower. 


200.17.3 

200.17. U 

200.17.5 

200.17.6 

200.18 

200.18.1 


Test  pressures  shall  be  as  directed  by  the  Air  Products  and 
Chemicals,  Inc.  Representative. 

Due  regard  for  safety  shall  be  constantly  observed. 

Water  shall  be  used  in  testing  utility  lines. 

Tests  are  to  be  conducted  for  tightness  of  lines  and  Joints,  valve 
bonnets,  valve  packing  and  other  fittings. 

TESTIMG  PROCEDURE 

Check  all  systems  to  assure  compliance  with  the  contract  drawings. 
Check  pressure  and  temperature  ratings  of  all  valves  to  assure 
compliance  with  Air  Products  and  Chemicals,  Inc.  Engineering 
Design  Standards. 


200.18.2 

200.18.3 


200. 18. U 


200.18.5 

200.18.6 


Check  all  flange  Joints  to  confirm  compliance  with  the  specifications, 
bolting  material,  gasket  and  make-up. 

Check  all  safety  valves  for  pressure  setting.  Safety  valves  shall  be 
removed  and  temporary  plugs  (supplied  by  the  Contractor)  installed 
in  their  place  during  pressure  testing. 

Test  gages  and  test  safety  valves  (test  safety  valves  supnlied  by 
Air  Products  and  Chemicals,  Inc.)  shall  be  installed,  and* testing 
medium  source  connections  shall  be  made,  to  convenient  process 
connections.  After  completion  of  testing,  the  gages  and  source 
connections  shall  be  removed  and  the  specified  process  attachments 
replaced  as  directed  by  the  Air  Products  and  Chemicals,  Inc. 
Representative. 

Start  test  at  low  pressure  and  gradually  increase  pressure  in 
increments  as  leaks  are  found  and  corrected.  Use  soapsuds  and  water 
on  all  Joints. 

An  accurate  log  and  list  of  repairs  shall  be  kept  by  the  Contr.actor 
and  deli\cred  to  the  Air  Products  and  Chemicals,  Inc.  Representative 
upon  completion  of  the  contract. 
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200.19  MISCELIAr.TOUS 

200.19.1  The  Contractor  shall  he  responsible  for  the  installation  of  all 
lubricants . 

200.19.2  Temporary  screens  of  a mesh  determined  by  the  Air  Products  and 
Chemicals,  Inc.  Representative  shall  be  installed  ahead  of  the  intakes 
of  all  comnressors , pumps,  blowers,  except  the  main  air  compressor, 
for  the  blow-out  and  start-up  period. 

Recommendations  of  the  equipment  manufacturers  shall  be  followed. 
Screens  shall  be  manufactured  by  Mack  Iron  Works  Company,  Sandusky,  Ohi 

200.19.3  A list  of  all  valves  that  will  be  furnished  by  Air  Products  and 
Chemicals,  Inc.  and  installed  by  the  Contractor  is  included  with 
the  contract  documents.  All  other  valves  required  by  the  contract 
drawings  and  these  specifications  are  to  be  furnished  and  installed 
by  the  Contractor. 

200.19.4  Flanged  or  welded  vessels  or  equipment  shall  be  aligned  and  properly 
fitted  in  accordance  with  drawings  and  snecifi cations  before  bolting 
or  welding.  Excessive  piping  strains  on  equipment  shall  be  avoided. 

200.19.5  Instrument  taps  in  warm  piping  shall  be  as  follows: 

Pressure  Tap  - 1/2- inch  FPT,  3000  pounds  Forged  Steel  Coupling, 
Weldolet  or  equal. 

Temperature  Tap  — 3/4— inch  FPT,  3000  pounds  Forged  Steel  Coupling, 

Weldolet  or  equal. 

200.20  PATCHING,  REPLACE-iENT  AND  MODIFICATION  OF  EXISTING  WORK  . 

After  installation  of  the  pipe  lines,  the  Contractor  shall  neatly  patch, 
repair  and  replace  existing  work  where  damaged,  removed  or  altered  for 
pipe  line  installation.  This  work  shall  be  similar  and  equal  in  quality 
to* the  work  removed  or  damaged,  unless  otherwise  shown  or  specified.  Such 
work  shall  include  patching  and  reolaceraent  on  existing  lines  at  points 
of  connections  to  new  lines,  patching  of  masonry  work  where  new  lines 
pass  through  existing  masonry  work,  and  wherever  any  such  patching  work 
is  indicated  on  drawings  or  otherwise  required. 
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INTER-OFFICE 

MEMORANDUM 


R£CEIVE[iubiect_  NASA  Oxygen  Study  Project 
DEC  10  1971  00-1-2495.07 


Jo Ae  Lapin 


R.  & a DEPT. 


From  W,  Schmoyer 


Allentown  Labs 

(Location,  Organization,  or  Department) 

Safety  Dept. 

(Location,  Organization,  or  Department) 


Procedure  for  determination  of  material  compatibility  in  oxygen  includes 

steps:  (1)  research  of  existing  test  data,  (2)  test  program, 
and  (3)  hazard  evaluation  of  the  application  and  conditions  of  use. 


1.  References  used  in  researching  existing  test  data  include: 

a)  APCI  test  data 

b)  Government  test  data 

c)  Industry  test  data 


2.  Testing  program  includes: 

a)  Open  flame 

b)  Oxygen  index  test 

c)  Impact  test 

d)  Bomb  test 

e)  Material  analysis  test 

3.  Hazard  evaluation  includes: 


a)  Application 

b)  Pressure  of  service 

c)  Temperature  of  service 

d)  Direct  contact  with  oxygen 

e)  Accidental  exposure  to  oxygen 

f)  Identification  and  elimination  of  ignition  sources 

g)  Affect  of  surrounding  activities  to  the  application  or  process 

Any  material  considered  for  oxygen  service  which  has  previously  been  tested 
must  satisfy  at  least  two  of  the  steps  above,  while  material  which  has  never 
been  tested  must  be  evaluated  through  the  all  three  steps. 


Approval  or  disapproval  of  material  for  oxygen  service  depends  on  interpretation 
of  test  results  in  relation  to  the  hazard  evaluation  and  the  exercise  of  sound 
professional  judgement. 
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I I.  SCOPE 
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j This  specification  covers  the  design,  field  fabrication,  cleaning,  testing, 

} insulation  and  inspection  of  a flat~bottom,  double  wall,  purged  powder 

insulated  vessel  intended  for  the  storage  of  a cryogenic  liquid.  The 
Vendor  must  be  thoroughly  familiar  with  low  temperature  equipment  design, 
fabrication  and  construction.  This  specification  shall  be  used  in  conjunc- 
tion with  a job  specification  furnished  for  each  individual  vessel. 


II.  DESIGN  CONDITIONS 
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A.  General  Design  Criteria 

The  vessel  and  piping  shall  be  designed  and  constructed  in  strict  accor- 
dance with  the  ASME,  ASTM,  ASA,  API  (Std.  620)  and  all  other  applicable 
codes  and  standards  except  where  specifically  noted  in  this  specifica- 
tion. Further,  the  Vendor  shall  be  responsible  for  conforming  to  any 
safety  orders  or  codes  which  apply  in  the  state  or  area  in  which  this 
vessel  is  to  be  installed. 

The  quotation  should  specify  any  and  all  codes  and  standards  which  will 
be  adhered  to  in  the  design  of  this  vessel.  Any  reference  to  the  codes 
or  standards  shall  mean  the  latest  edition  including  all  revisions  and 
addenda.  Any  deviation  from  the  letter  or  intent  of  this  specification, 
as  well  as  the  reference  codes  and  standards  shall  be  approved  by  Air 
Products  and  Chemicals,  Inc.  prior  to  inclusion  in  the  design  and/or 
fabrication  of  the  vessel. 

B.  Inner  Vessel 


1.  Design  temperature  shall  be  plus  lOO^F  to  minus  320^F. 

2.  The  design  pressure  of  the  inner  vessel  shall  be  as  follows: 

Internal  pressure  as  specified  in  the  attached  Job  specification 
plus  the  pressure  exerted  by  the  liquid  load  when  filled  to  capa- 
city or  the  external  pressure  exerted  after  ten  thermal  cycles  from 
ambient  to  operating  conditions  by  the  powder  insulation  in  the  an- 
nular space.  Vendor  shall  specify  the  pressure  due  to  perlite  com- 
paction in  his  bid  proposal. 

3.  Materials  of  construction  shall  be  aluminum  (Type  5083,  ASTf^-GM-l*lA) , 
9%  nickel  steel  (ASTM  A353  or  ASTM  A553),  or  stainless  steel  (Type 
30^1,  ASTM  A-2U0).  The  Vendor  shall  state  in  his  proposal  which  of 
these  materials  he  will  use. 
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B.  Inner  Vessel  (Cont*d.) 


U.  The  Vendor  shall  include  in  the  design  calculation  submittal  the 
external  purge  pressure  to  vhich  the  inner  tank  c^  be  safely 
subjected  employine  the  design  conditions  in  (B*2.)  above  and  the 
maximum  allowable  working  pressure  permitted  by  the  actual  thick- 
ness  or  materials  used  in  Tabri cation# 

5.  The  inner  vessel  shall  be  of  all  welded  construction  and  designed 
in  accordance  with  the  API  Code,  Std.  620,  Appendix  Q.  No  stamp  is 
required. 

6.  The  vessel  shall  be  equipped  with  a manhole,  l8"  minimum,  at  the 
top  center  of  the  vessel. 

7.  The  inner  vessel  shall  be  equipped  with  a mechanical  liquid  level 
gauge.  The  gauge  shall  be  at  groiind  level. 

8.  The  bottom  of  the  inner  vessel  shall  be  pitched  1/8  inch  per  foot 
from  the  center  to  the  outer  perimeter,  the  high  point  being  in 
the  center. 


9.  Materials  used  for  internal  clips,  supports,  etc.  shall  bg  compat- 
ible with  LOX  and  suitable  for  a temperature  of  minus  320  F.  Carbon 
steel  is  not  acceptable. 

10.  All  gaskets  used  on  flanges  of  manways  or  piping  to  the  inner  vessel 
shall  be  Durabla  or  approved  equal.  . 


11.  Radiographic,  vacuum  box,  or  liquid  penetrant  weld  testing  shall  be 

done  in  Lcordance  with  API  Standard  620  and  Appendix  Q.  The  specific 
tests  and  Joint  efficiencies  used  shall  be  included  in  Vendor  s bid 

proposal. 


C.  Outer  Vessel 

1.  Design  Pressure;  Internal  pressure  of  2"  HgO  plus  the  pressure 

developed  by  the  compaction  of  the  powder  insul' 
ation  due  to  ten  thermal  cycles  from  ambient  to 
operating  conditions. 

2.  Design  Temperature:  See  Job  specification. 

3.  Corrosion  AllowEuice:  None 

1».  The  vessel  material  shall  be  in  accordance  with  API  Standard  620, 
Appendix  Q. 
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C.  Outer  Vessel  (Cont'd.) 

5*  The  Vendor  shall  include  in  the  design  calculation  submittal,  the 
maximum  internal  pressure  to  which  the  outer  vessel  can  be  safely 
subject  employing  the  design  conditions  in  (C.l.)« 

6.  The  size  of  this  vessel  shall  be  determined  by  the  Vendor,  unless 
otherwise  specified,  but  shall  be  such  as  to  provide  an  insulation 
space  that  will  limit  the  heat  gain  as  specified  in  the  Job  specifi- 
cation and  in  accordance  with  the  conditions  outlined  in  paragraph  III. A. 

7.  The  vessel  shall  be  of  all  welded  construction,  designed  in  accor- 
dance with  API  Standard  620,  Appendix  Q. 

8.  The  vessel  shall  be  equipped  with  a manway,  30*'  minimum  diameter. 

This  manway  shall  be  located  at  the  top  of  the  outer  vessel  and 
shaJl  be  concentric  with  the  inner  vessel  manway. 

9.  The  vessel  shall  be  equipped  with  one  or  more  perlite  fill  ports  lo- 
cated near  the  top  of  the  outer  tank.  One  of  these  shall  be  a 20" 
manway  provided  with  a 20"  emergency  vent. 

10.  The  vessel  shall  be  equipped  with  a breather  valve  located  at  the 
top  of  the  outer  vessel.  Valve  to  be  sized  by  Vendor. 

11.  The  vessel  is  to  be  equipped  with  a minimum  of  four  6"  or  larger  per- 
lite drain  nozzles  and  blind  flanges  located  at  the  bottom  of  the 
outer  vessel. 

12.  The  vessel  shall  be  equipped  with  a top  platform  complete  with 
guard  rails  and  circular  staiiway  with  handrail  for  maintenance 
purposes.  A walkway  with  guard  rails  shall  be  provided  between  the 
stairway  and  platform. 

13-  The  annular  space  shall  contain  a circular,  perforated  purge  gas 

distributor  located  at  the  bottom  of  the  annular  space  and  running 
the  entire  periphery  of  the  annular  space.  The  line  coming  through 
the  outer  shell  from  the  distributor  shall  be  a minimiun  of  1"  N.P.S. 

D.  Insulation 


The  insulation  to  be  used  in  the  annular  space  shall  be  expanded  perlite 
ore.  The  manufacturer  and  grade  of  perlite  used  is  to  be  specified  by 
the  Vendor  and  is  subject  to  approval  by  Air  Products  and  Chemicals,  Inc. 


Bottom  insulation  shall  be  formgloss  block,  or  approved  equal,  installed 
by  Vendor. 
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D.  Insulation  (Cont'd.) 

Vendor  shall  specify  the  "k"  value  used  for  insulation  materials  under 
steady  state  conditions. 

} E.  Process  Piping 

\ 

1. 

All  piping  matorlals  and  fabrication  techniques  Med  In  connecting 
the  inner  and  outer  vessels  shall  be  In  accordance  vlth  the  USAS 
Rora+Son  with  the  followinR  exception; 

If  aluminum  is  used  for  the  inner  vessel  the  liquid  ^d 

shall  he  fabricated  of  aluminum.  No  aluminum  to  stainless  steel 

transition  will  be  allowed  within  the  tank  annular  space. 

2. 

The  wall  thickness  of  all  piping  shall  be  adequate 
desipn  pressure  of  the  vessel,  and  any  stresses  due  to  the  piping 
configuration  and  thermal  contraction.  The  wall  thickness  of  liquid 
piping  shall  not  be  less  than  standard  weight. 

3. 

Annroxiraate  locations  of  the  process  piping  terminations  sh^l  be  as 
sh^wn  on  attached  job  specification.  Exact  orl elation  of  the  piping 
will  be  given  to  the  Vendor  by  Air  Products  and  Chemicals,  Inc.  at 
I iat^r  date  at  no  additional  cost  to  Air  Products  and  Chemicals,  Inc. 

h. 

All  liquid  lines  from  the  bottom  of  the  inner  vessel  are  to  be  suitably 
trapped  within  the  annular  space. 

5. 

All  liquid  lines  shall  terminate  external  to  the  outer  vessel  as 
shown  on  sheet  17  orOBof  this  specification. 

6. 

\ 

i 

All  cold  piping  passing  through  the  outer  shell  shall  be  connected  to 
the  outer  shell  by  means  of  a type  30U  stainless  steel  theraal  ba- 
rter. The  barrier  shall  be  sufficiently  long  to  prevent  the  carbon 
bteel  adjacent  to  the  barrier  from  reaching  a temperature  lower  than 

\ 

1 

5°F  below  ambient  temperature. 

f 

i 

1 

i 

All  piping  between  inner  and  outer  vessels  shall  be  provided  with 
^ffLLnt  flexibility  to  permit 

bellows  is  not  acceptable  with  the 

lines  and  the  mechanical  liqviid  level  gauge  line.  All  lines 
be  designed  so  that  the  maximum  combined  stress,  inclu 
nriate  stress  intensification  factors,  due  to  pressure,  weight, 
settlement  and  thermal  movements,  shall  not  exceed  the  ^ mm 
aUoiabtfstress  valve  indicated  in  the  ASHE  Code.  Section  VIII, 
Division  1 for  the  material  used. 

1 
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Process  Piping  (Cont'd.) 

8.  All  lines  6"  and  smaH^ subject  to  liquid  head  shall  have  at  least 
one  oblique  x-r^  shot  taken  at  each  girth  weld.  Lines  above  6" 
subject  to  liquid  head  require  three  shots  per  girth  weld.  All 
radiographing  shall  be  done  in  accordance  with  the  USAS  piping 
code  B31.3,  Chapter  6 and  shall  be  considered  «is  random  radiography 
for  inspection  purposes.  In  addition  to  the  x-rays,  certification 
of  the  fact  that  the  piping  has  received  a thorough  visual  examina- 
tion and  has  been  found  free  of  any  hidden  welds  is  required  by  the 
Vendor. 


9*  All  piping  connections  to  the  bottom  of  the  inner  vessel  shall  be 
located  as  near  to  the  shell  eu  possible. 

LO.  The  vessel  shall  be  equipped  with  the  following  piping  to  the  inner 
vessel.  Line  sizes  not  defined  in  this  specification  shall  be  sized 
in  accordance  with  the  .Job  specification.  (Nozzle  identification 
letters  refer  to  sheet 26  l8  of  this  specification.) 


a.  Nozzle  "A"  - 


b.  Nozzle  "B"  - 


Nozzle  "C"  - 


Nozzle  "D"  - 


■ (1)  Relief  Valve  Line 

(2)  Size  by  Vendor 

(3)  located  at  the  top  of  the  inner  and  outer  vessels. 

(U)  On  the  outside  of  tank  the  line  is  to  be  pro- 
vided with  a pres sure- vacuum  relief  valve,  S.&J. 
Figure  No.  X9U156.  The  outlet  of  the  valve  is 

to  be  provided  with  a short  piece  of  stainless 
steel  or  aluminum  vent  piping  turned  downward 
but  away  from  the  vessel. 

(1)  Vent  Line  from  Inner  Vessel 

(2)  Size:  U"  N.P.S. 

(3)  Located  at  top  of  inner  vessel  and  extending  into 
the  inner  vessel  to  an  elevation  equal  to  the  top 
liquid  filling  point  elevation.  This  line  should 
leave  the  outer  vessel  at  the  lower  portion  of 
the  outer  shell. 

(1)  Pressurizing  Connection 

(2)  Size:  1 1/2”  N.P.S. 

(3)  Attached  to  vent  line  (Nozzle  "B")  external 
to  outer  vessel. 

(1)  Upper  Liquid  Level  Line 

(2)  Size:  1"  N.P.S. 

(3)  Located  at  top  of  inner  vessel  and  the  lower 
part  of  the  outer  shell 
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E.  Process  PlpinR  (Cont'd) 


Nozzle  ”E" 


f. 


Nozzle  "F" 


(1) 

(2) 

(3) 


(1) 

(2) 

(3) 


g.  Nozzle  "G"  - 


h.  Nozzle  "H"  - 


(1) 

(2) 

(3) 


(1) 

(2) 

(3) 


i.  Nozzle  "J"  - 


Lower  Liquid  Level  Line 
Size:  l"  H.P.S. 

Located  at  the  bottom  of  the  inner  vessel  and 
the  lower  part  of  the  outer  shell.  (See  sheet 
l6  for  details  of  inner  tank  connection . ) 


(1) 

(2) 

(3) 

ih) 


Nozzle  "K" 


Pressure  Gauge  Connection 
Size:  l"  N.P.S. 

Attached  to  Upper  Liquid  Level  Line  (Nozzle 
external  to  outer  vessel. 


"D" ' 


Product  Outlet  Line 
Size  : ft”  N.P.S. 

Located  at  the  bottom  of  the  inner  vessel  and 
the  lower  part  of  the  outer  shell  and  to  be  flush 
with  the  bottom  of  the  inner  vessel. 

Trailer  Unloading  Line 
Size:  ft"  N.P.S. 

Located  at  the  bottom  of  the  inner  vessel  and 
projecting  into  the  inner  bottom  approximately 
3".  This  line  is  to  leave  the  outer  vessel  near 
the  bottom  of  the  outer  shell. 

Fill  Line 
Size:  ft"  N.P.S. 

Located  near  the  bottom  of  the  shell  of  inner 
and  outer  vessels. 

This  line  shall  be  designed  in  such  a manner 
that  the  fill  point  in  the  inner  tank  will  be 
at  a minimum  of  90°  from  the  Trailer  Unloading 
Line  (Nozzle  "H")  in  the  inner  tank.  This  may 
be  done  by  entering  the  inner  tank  at  a minimiam 
of  90°  from  Nozzle  "H"  or  by  extending  the  Fill 
Line  into  the  tank  to  provide  an  equivalent 
clearance.  This  requirement  is  to  be  adhered 
to  even  though  Air  Products  and  Chemicals,  Inc. 
may  choose  to  locate  both  of  these  nozzles 
adjacent  to  one  another  on  the  outer  shell. 

(1)  Cylinder  Fill  Line 

(2)  Size:  1 l/2"  N.P.S. 

(3)  Located  in  the  bottom  of  the  inner  vessel  and 
projecting  into  the  inner  bottom  approximately 
3".  This  line  is  to  leave  the  outer  vessel 
near  the  bottom  of  the  outer  shell. 
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E.  Process  Pipinp;  (Cont'd) 


k.  Nozzle  "l" 


1 1/2"  Mechanical  Liquid  Level  Gauge  with  following: 

(1)  Magnetic  gauge  head  S & J 92020-Ul-XX-0l*-01 
for  LOX  service  with  ACCOPAC  gaskets. 

(2)  Limit  switch  S & J 99050  with  2 SPOT  contacts 
for  high  and  low  liquid  level  alarms. 

(3)  Adapter  S & J 9905-10300  to  mount  limit  switch 
on  counter  housing. 

(U)  Accessory  kit  S & J 93990-XIUB 

(5)  90°  all  aluminum  shiv  housing  if  required  S & J 
JB356O-6  with  ACCOPAC  gaskets. 

(6)  1*5°  all  aluminum  shiv  housing  if  required  S & J 
9399-13110  with  ACCOPAC  gaskets. 

(7)  180°  all  aluminum  shiv  housing  if  required  S & J 
9358O-O5  with  ACCOPAC  gaskets. 

(8)  Stainless  Steel  reinforced  float  JB3031-1. 

(9)  All  eduminum  cable  block  valve  S & J 93l*21-2l+. 


1.  Nozzle  "M"  - 


m.  Nozzle  "N"  - 


n.  Nozzle  P - 


p.  Nozzle  "Q"  - 


Nozzle  "R"  - 


r.  Nozzle  "S"  - 


(1)  Outer  vessel  manway 

(2)  Size:  30"  minim\im 

(3)  Located  at  top  center  of  roof  concentric  with 
inner  vessel  manway. 

(1)  Inner  vessel  manwnv 

(2)  Size:  I8"  minimum 

(3)  Located  at  top  center  of  roof  concentric  with 
outer  vessel  manway. 

(1)  Perlite  fill  ports 

(2)  Quantity  as  required  by  vendor 

(3)  One  shall  be  a 20"  manway  equipped  with  a 20" 
S & J Figure  9**200-ll  emergency  vent. 

(1)  Breather  valve  line  with  S t J X9U020-15-01 
(for  cryogenic  service) 

(2)  Size:  By  Vendor 

(1)  Perlite  drain  nozzles 

(2)  Size:  6"  minimum 

(3)  Quantity:  1*  minimum 

(1*)  Nozzles  shall  terminate  with  a blind  flange. 

(1)  Annular  space  purge  line 

(2)  Size:  l"  minimum 

(3)  A circular,  perforated  header  shall  run  the 
entire  periphery  of  the  annular  space. 
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II.  general  keo.uiret^ehts 


i.  Heat  Gain 

1.  The  total  heat  gain  through  the  insulation  space,  piping,  supports 
and  other  connections  shall  be  such  that  the  loss  of  product  per 
day  does  not  exceed  that  specified  in  the  Job 

the  vessel  has  been  filled  to  rated  capacity  with  the  liq^d  for 
which  it  is  designed  and  allowed  to  ® 

shall  be  based  on  ambient  conditions  of  80  F and  1 •?  P 

2.  Since  lose  of  product  is  » important  f "f  f 

+hP  Vendor  shall  quote  his  best  guaranteed  heat  gain  if  it  is  less 
SL.  Set  sJeSned.  and  this  figure  will  be  weighed  in  ev^uatlng 
the  bids.  Vendor's  calculated  heat  gain  (including  gain  throu^ 
SsulaU;n  I^d  piping)  shall  he  submitted  with  the  huotation  along 

with  the  guaranteed  heat  gain. 

B.  Testing 

1.  ihe  pressure  testing  of  the  vessel  shall  be  in  accordance  with  Section 
R-8  of  Appendix  R,  A.P.I.  Standard  620. 

2 No  welding  shall  be  permitted  on  the  vessel  and/or  piping  aner  the 
aaUsf“?ory  completion  of  testing  without  approval  by  Air  Products 

and  Chemicals,  Inc. 

^ After  vessel  has  been  placed  in  service,  at  a time  , 

■ rmi^aSrin-: 

and  Chemicals,  Inc. 

C.  Cleaning  and  Inspection 

^S'd^irhin^d^^anVirr^sf.e-s  ri^rovrArArr  rdt^^fa^^  S::- 

cals,  Inc. 

1.  Inner  Vessel 

a.  n.anine  Recuirements  for  Internal  Surfaces  (Aluminum  or  Stalnl^ 
Steel ) 

(1)  All  surfaces  of  the  tank,  piping  and  fittings  which  will  come 
in  contact  with  the  liquid  product  or  its  vapors  sh^l 
cleaned  of  all  loose  scale,  dirt,  slag  and  weld  spatter.  If 
wire  brushing  is  employed,  stainless  steel  bristles  should 

be  used. 
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C.  Cleaning  and  Inspection  (Cont’d) 

I (2)  All  surfaces  exposed  to  the  process  shall  be  degreased  in 

j accordeuice  with  the  Vendor* s standard  for  liquid  oxygen 

i vessels,  subject  to  Air  Products  and  Chemicals,  Inc*  approval. 

b.  Cleaning  Requirements  for  Internal  Surfaces  {9%  Nickel) 

(1)  All  surfaces  of  the  tank,  piping  and  fittings  which  will  come 
in  contact  with  the  liquid  product  or  its  vapors  shall  be 
mechanically  or  hand  cleaned  to  remove  weld  spatter  and  other 
gross  particle  and  hydrocarbon  contamination. 

(2)  After  final  hydrostatic  testing  and  all  other  operations  are 
complete,  sandblast  tank  surfaces  to  remove  scale,  rust, 
dust,  dirt,  weld  slag,  weld  flux,  plate  markings  and  other 
foreign  matter.  The  blasting  will  essentially  produce  a 
near  white  metal  surface  as  defined  by  SSPC  SPlO-63  and 
CSA3  (Danish  Paint  Council)  pictorial  surface  preparation 
for  painting  steel  structures.  The  surfaces  will  not  be 
required  to  meet  the  uniform  surface  texture  of  specification 
CSA3,  but  all  surfaces  must  be  of  a shade  of  grey  and  free  of 
any  rust  discoloration.  Care  will  be  exercised  to  minimize 
any  light  rerusting  of  a previously  blasted  area.  All  access 
and  piping  openings  shall  be  effectively  sealed  to  prevent 
moisture  infiltration  when  work  is  not  in  progress. 

(3)  After  blasting  all  gross  amounts  of  semd  shall  be  removed  by 
the  most  expedient  methods  and  then  the  final  removal  of 
sand  and  dust  shall  be  accomplished  by  vacuum  cleaning. 


I 

< 


(4)  During  assembly  draw  detergent  or  solvent  soaked  swabs  through 
pipe  sections  to  remove  hydrocarbons  and  peurticles.  Cover  or 
plug  inside  and  outside  ends  of  lines  to  prevent  contamination 
during  subsequent  operations.  Reclean  in  the  same  manner  any 
individual  lines  which  subsequently  become  contaminated. 

c.  Inspection 

Surfaces  which  have  been  cleaned  shall  then  be  examined  in  the 
following  manner  and  must  pass  the  tests  indicated: 

(1)  Visual  inspection  under  .bright , white  ll^t. 


(a)  No  evidence  of  moisture;  free  of  scale,  rust,  slag,  weld 
spatter  and  other  foreign  matter;  and  free  of  organic 
materials  such  as  oil,  grease,  crayon,  paint,  ink,  etc. 


i 

t 

! 
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(b)  Any  square  foot  of  cleaned  surface  examined  for 
particulate  cofttamination  may  contain: 

1.  No  particle  greater  than  1,000  microns.  (Particle: 

Any  solid  matter  other  than  a fiber.  The  size  is 
determined  by  the  longest  single  dimension. ) 

2.  Not  more  than  ten  particles  between  500  and  1,000 
microns. 

3 No  fiber  in  excess  of  2,000  microns  in  length;  md 

no  accumulation  of  fibers.  (Fiber:  A nonmetallic 

flexible,  threadlike  structure  with  a length  to 
diameter  ratio  Of  at  least  10.) 

(2)  Ultraviolet  (blacklij^t)  examination. 

(a)  No  hydrocarbon  fluorescence.  Particles  of  lint,  if 

present,  shall  be  removed  with  nitrogen,  or  dry,  oil- 
free  air. 

(3)  Wipe  test. 

(a)  No  appreciable  discoloration  of  the  wiping  ^dia,  except 
that  which  is  due  to  oxidation  of  the  parent  metal,  and 
no  evidence  of  oily  residue. 

Annular  Space 

a.  Cleaning 

(1)  Remove  loose  and/or  heavy  scale,  slag,  dust,  rust  and  dirt 
by  niechanicflJ.  means  or  by  hand. 

(2)  Remove  gross  hydrocarbon  contamination  by  local  wiping  with 
rags  moistened  with  detergent. 

b.  Inspection 

(1)  Inspect  accessible  surfaces  for  freedom  of  loose  and/or 
heavy  scale*  dusb*  dirb  and  slag. 

(2)  Inspect  accessible  surfaces  for  gross  hydrocarbon 

' tioL  Presence  of  contamination  shall  be  cause  for  additional 

local  cleaning. 
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D*  Drying 


Following  testing  and  cleaning  ^ the  inner  vessel  and  the  annular  space 
and  its  insulation  shall  be  dried  with  oil-free  dry  nitrogen  gas  mtil 
the  effluent  purge  gajs  reaches  minus  as  indicated  by  Alnor  Dew 

Pointer  or  equal  apparatus*  All  inner  vessel  covers  shall  be  sealed 
with  clean  gaskets*  Both  the  inner  vessel  and  outer  vessel  shal.1  be 
sealed  with  positive  gaseous  nitrogen  pressure  within  the  sai'af  limits 
of  the  vessel  design.  e 

E.  Painting 

1.  All  steel  surfaces  to  be  painted  shall  be  cleaned  to  remove  all 
mills cale,  rust  and  other  foreign- matter  detrimental  to  paint 
adhesion  by  either  of  the  following  options: 

a.  Pickling  as  defined  by  the  Steel  Structures  Painting  Coxuicil 
Specification  SP  8-63. 

b.  Commercial  Blast  Cleaning  as  defined  by  the  Steel  Structures 
Painting  Council  Specification  SP  6-63. 

2.  All  prepared  surfaces  sheill  be  primer  coated  with  APCI  No.  103 
before  rusting  occurs.  If  cleaned  surfaces  are  not  primed  within 
that  time,  the  surfaces  must  be  re-cleaned  before  painting. 

3.  If  steel  surfaces  are  primer  coated  in  the  shop,  stop  primer  2”  away 
from  all  edges  to  be  welded  after  priming. 

1+.  Field  painting  of  the  outer  shell,  ladders,  stairways  and  other 
uninsulated  steel  supplied  by  the  Contractor  shall  not  be  started 
until  completion  of  all  testing. 

5.  Shop  primed  surfaces  shall  have  all  primer  abraded  areas  and  weld 
zone  areas  commercially  blast  cleaned  in  accordance  with  Steel 
Structures  Painting  Council  Specification  SP  6-63  and  they  are 
immediately  touched-up  with  primer,  APCI  No.  103. 


6.  The  paint  system  shall  be  applied  to  all  steel  surfaces  on  the  tank 
that  require  painting  by  either  of  the  following  options. 

a.  Option  for  U coat  system 
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COAT 

DESCRIPTION 

APCI 

NO. 

COLOR 

DRYING  TIME 
TO  TOUCH 

MINIMUT^  TIME 
BETWEEN  COATS 

••DFT/COAT 

1 

* 

i 

1 

Shop  Primer  and 
Field  Touch-up 
-or- 

Full  Field  Primer 

103 

Red 

15  min. 

3 hrs. 

1.5  mils 

2 

Field  Undercoat 

100 

Yellow 

U hrs.,. 

2k  hrs. 

1.5  mils 

3 

1st  Finish  Coat 

600 

*White 

6 hrs. 

2k  hrs. 

2.0  mils 

k 

2nd  Finish  Coat 

6oo 

White 

6 hrs. 

2.0  mils 

* A 

««  D 

dd  sufficient  black  ui 
ry  film  thickness  per 
b.  Option  fi 

liversal 
coat  (rr 
Dr  3 coa 

tint  to  distort  the  color  of  this  coat  of 
dnimvua) 
it  system 

paint. 
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DESCRIPTION 

1 

APCI 

NO. 

COLOR 

DRYING  TIME 
TO  TOUCH 

MINIMUM  TIME 
BETWEEN  COATS 

1 

*»DFT/C0AT 

1 

i 

1 

Shop  Primer  and 
Field  Touch-up 
-or- 

Full  Field  Primer 

103 

Red 

15  min. 

3 hrs. 

1.5  mils 

2 

Field  Undercoat 

100 

Yellow 

U hrs. 

2k  hrs. 

1.5  mils 

3 

Finish  Coat 

6oi 

White 

6 hrs. 

1*.0  mils 

«» 


Dry  film  thickness  per  coat  (minimum) 

7.  The  table  below  shows  acceptable  paint  materials.  Other  suppliers  may  be 
used  if  written  approval  is  obtained  from  Air  Products  and  Chemicals , Inc 
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UC-3U850 

103 

13-R-50 
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UC-U005^+ 
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12-W-3 
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UC-UOI21 
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12-W-I4 

28-5101 

UC-U0129 
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F.  Field  Fabrication  and  Erection 


Vessel  erection,  testing,  and  cleaning  will  be  in  an  area  where  addi- 
tional construction  work  will  be  in  progress.  Vendor  shall  conduct 
his  work  in  such  a manner  so  not  to  interfere  with  surrounding  con- 
struction work  by  others. 


G.  Utilities 


1.  Electrical  power  shall  be  provided  by  the  Vendor,  at  his  expense, 

by  portable  generators. 

2.  A source  of  potable  water  is  available. 

3.  The  vendor  shall  provide  and  maintain  his  own  sanitary,  chemical 
type,  temporary  toilets  for  the  use  of  personnel  employed  by  the 
vendor  and  his  subcontractors.  These  facilities  shall  conform  to 
the  requirements  of  all  State,  County,  and  local  ordinances. 

h.  Oil  free  dry  nitrogen  gas  for  purging  and  drying  will  be  furnished 
by  Air  Products  and  Chemicals,  Inc.  Distribution  and  heating  of 
nitrogen  gas  (if  required)  will  be  the  vendor responsibility  and 
at  his  cost. 


H.  Housekeeping 

1.  The  Contractor  shall  be  responsible  for  properly  organizing  all  acti- 
vities at  the  site  to  the  extent  that  good  housekeeping  will  be 
practiced  at  all  times.  This  requirement  applies  equally  to  tempor- 
ary buildings,  indoor  and  outdoor  storage,  construction  equipment 
€uid  materials,  grounds  and  roadways,  as  well  as  the  equipment  to 

be  erected.  The  Contractor  shall  load  and  transport  all  refuse  and 
debris  to  a suitable  disposal  area  off  of  Air  Products  and  Chemicals, 
Inc.  property  and  make  disposition  in  a lawful  manner. 

2.  The  Contractor  shall,  upon  completion  of  the  work,  remove  all  temporary 
buildings  and  facilities  erected  by  the  Contractor,  all  construction 
equipment,  suiq^lus  materials  and  supplies  belonging  to  the  Contractor 
or  his  subcontractors,  and  shall  leave  the  premisrs  and  the  work  in 
proper  order,  cleeui  emd  ready  for  use. 

I,  Guarantee 


The  vendor  shall  extend  a one  year  warranty  on  all  structural  design, 
materials  and  workmanship  from  the  date  of  acceptance  by  Air  Products 
and  Chemicals,  Inc. 
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J,  Drawings  and  Reports 

1.  Approval  of  drawings,  reports,  test  methods,  cleaning  methods,  etc., 
by  Air  Products  and  Chemicals,  Inc.  does  not  relieve  the  Vendor  of 
responsibility  for  accuracy  of  dimensions,  performance,  code  require- 
ments, or  warranty. 

2.  The  vendor  shaJ.1  furnish  Air  Products  and  Chemicals,  Inc.  with  the 
following  information  as  a part  of  this  contract  at  the  times  listed 
below: 


Bid  Approval  Certified 


1.  Specific  codes  adhered  to  in 
in  the  design  of  this  vessel 

2.  Manufacturer,  grade  and  "k” 
value  of  perlite  and  bottom 
insulation 

3.  Detedled  cleaning  procedures 

1».  Detailed  painting  procedures 

5.  Welding  standards  and/or 
techniques. 

6.  Method  of  Joining  alumintim 
to  stainless  steel,  if  used 

7.  Vent  and  relief  valve  line 
sizes  and  relief  devices  used. 

8.  Outline  dimension  and  assem- 
bly drawings. 

9.  Design  calculations. 

10.  Foundation  loadings. 

11.  Calculations  for  heat  gain 
through  insulation,  supjjorts 
and  piping 

12.  Details  of  vessel  construction, 
piping,  and  other  pertinent 
components . 
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13«  Certified  test  results! 


4 a.  Charpy  test  (where 

I required  by  code).  X 

b.  Material  mill  emalysis  X 

c.  Pressure  tests  X 

All  items  to  be  furnished  with  bid  shall  be  in  six  (6)  copies  or  one  (l) 

reproducible  copy  marked  preliminary. 

Ml  items  for  approval  shall  be  one  (l)  reproducible  marked  preliminary- 
for  approval. 

Ml  items  to  be  certified  shall  be  in  one  reproducible  copy  marked  "Certi- 
fied Correct  for  Construction"  for  drawings  and  "Certified  Correct"  for 
all  reports.  All  certified  documents  must  be  signed  by  the  responsible 
representative  of  the  Vendor. 

I (2)  weeks  after  completion  and  acceptance  by  Air  Products  and  Chemicals, 

Inc.  one^ reproducible  copy  of  all  drawings  to  be  marked  "Certified  Correct 
As  Built  . Ml  certified  drawings  must  be  signed  and  dated  by  the  respon- 
sible representative  of  the  Vendor  and  forwarded  to  Air  Products  and 
Chemicals,  Inc. 
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!•  Scope  - This  specification  defines  the  particular  requirements  for  a purged 
powder  insulated  vessel  Intended  for  the  storage  of  liquid  oxygen 

iurROOIVi  ” 

P 9 Cl  1Q71  tti  materials  and  workmanship  shall  be  in  accordance  with 

foU  ly/l  ^is  specification  and  with  the  requirements  of  Air  Products  and 

Chemicals,  Inc.  Drawing  No.  99ti2QA,  Rev.  0,  entitled  "Standard 

® Field  Fabricated  Cryogenic  Liquid  Storage  Tank", 
Which  shall  be  considered  as  a part  of  this  specification.  Where 
any  conflict  exists,  the  Job  specification  shall  govern  over  9982CA. 

II.  Vessel  configuration  - Vertical 

III.  Vessel  to  be  installed  at  Creighton,  Pennsylvania  and  it  shall  be  designed 
or  prevailing  natural  conditions  including  seismic  loads  and  wind  loads  as 
defined  by  the  Uniform  Building  Code,  I970  Edition,  Vol.  1.  The  specific 
loads  Included  in  his  design  shall  be  submitted  with  the  vendor’s  bid  proposal. 

IV.  The  vessel  will  be  erected  on  a foundation  furnished  by  Air  Products  and 
CnemlcalSj  Inc. 

V.  Rated  capacity  of  310,000  gallons  of  liquid  oxygen  or  liquid  nitrogen,  plus 
a vapor  space  of  approximately  5^  to  provide  a total  minimum  capacity  of 
325,500  gallons.  LOX  density  71-5  lbs. /ft. 3.  ijn  density  50.4  lbs. /ft. 3. 

VI.  Tank  design  shall  be  based  on  storage  of  LOX. 

VII.  ^sign  pressure  of  inner  vessel  5 psig,  plus  static  head  of  liquid  oxygen, 
plus  conditions  listed  in  section  II.  B.  of  9982QA.  * 

VIII.  teslgn  pressure  of  outer  vessel  shall  be  2"  HyO  plus  design  conditions  listed 
in  section  II.  C.  of  9982QA. 

through  conduction,  convection 

and  radiation  shall  be  such  that  the  loss  of  product  does  not  exceed  0.22  per 
cent  per  day  when  the  vessel  has  been  filled  to  rated  capacity  with  liquid 
oxygen  and  allowed  to  reach  steady  state  conditions  at  5 psig  tank  pressure: 
or  0.33  per  cent  per  day  when  filled  with  liquid  nitrogen  under  the  same 
conditions . 

X.  Vendor  shall  size  inner  tank  relief  valve  S & J No.  X94156  for  300,000  SCFH 
equivalent  of  cryogenic  liquid  into  a warm  tank  with  total  flashing. 

XI.  The  Vendor  shall  furnish  inner  tank  anchor  straps  and  outer  tank  anchor  bolts 
for  installation  in  the  foundation  by  others.  Vendor  shall  supply  bolting 

arrangement  and  foundation  loadings,  with  calculations,  within  3 weeks  after 
order  is  placed. 
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The  vendor  shall  shim  and  level  baseplate  on  the  ring-wall  foundation. 
Grouting  of  baseplate  will  be  done  by  others  at  a time  directed  by  the  Vendor. 

The  run  and  pitch  of  the  circular  stairway  , stairtread,  all  stairway  hand- 
rails and  platform  handrails  shaU  be  designed  in  accordance  with  Dept,  of 
Labor  Standards,  Part  19IO,  Voi.  36,  No.  105,  dated  3-29-71*  The  stairway 
shall  be  a minimum  of  30"  vide. 
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PIPING  GROUP  MEMO  #19 

SUBJECT:  SAFETY  RELIEF  VALVES  ■„ 

LOCATION  Ai\’D  PIPffiG  DESIGN  CONSIDERATiaiS 

Safety  relief  valves  shall  be  installed  according  to  this  memo  in  regard  to  the 
valve  s location  and  discharge  pipe  support  or  configuration. 

01.  LOCATigj : 

a.  To  prevent  turbulence  from  creating  a false  high  pressure  spot  and 
accidentally  tripping  the  valve,  it  is  recommended  the  safety  valve 
should  be  located  a minimum  distarice  from  the  following  devices: 

PPICS  MINIMJM  NO.  OF  PIPE  DIAMITERS 

Regulator  or  Valve 
2 Ells  or  Bends  in  Different  Plane 
2 Ells  or  Bends  in  Same  Plane 
1 Ell  or  Bend 
Pulsation  Dampner 

b.  The  safety  valve  shall  be  located  as  close  as  is  practically  possible 
to  the  item  it  is  protecting  so  that  the  pressure  drop  betv/een  the  item 
being  protected  and  the  safety  valve  will  not  become  excessive. 

c.  The  location  shall  be  such  that  the  valve  can  be  readily  serviced  and  the 
escaping  gases  will  not  be  harmful  to  personnel. 

02.  DISCHAfiGE  PIPE  SUPPORT 

a.  V/hen  a safety  valve  blows  due  to  overpressure,  a reaction  force  is  created 
due  to  the  jet  effect  of  the  escaping  gas.  This  force  acts  along  the 
V centerline  of  the  discharge  pipe  opening  in  a direction  opposite  to  the 
movement  of  the  gas.  The  force  can  be  conservatively  calculated  by  usina 
the  following  formla:  ^ 

. F >=  PA 

F = Thrust  Force  (Lbs.) 

P = Relief  Pressure  (P.S.I.G.) 

A = Relief  Valve  Orifice  (Sq.  In.) 

A more  accurate  thrust  force  can  be  obtained  by  using  the  formula  and 
graph  enclosed  for  Lonergan  Safety  Relief  Valves.  See  PGM  #19,  Sheet  #3 
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Safety  valve  details  can  be  found  on  the  Instrument  Group’s  Specification 
Sheets  and  by  discussing  your  problem  with  the  Instrument  pjngineer  on  your 

job. 

b.  This  reaction  force  can  be  riuDlified  by  putting  a tee  on  the  safety  valve 
vent  line.  A fabricated  branch  is  the  most  economical  to  use.  It  can  be 
mounted  directly  on  the  safety  valve  outlet  if  high  enough. or  extended  as  < 
shown. 


c.  Sample  Calculation 


BOEING  00-4-3710  SV-776A,  B, 

C,  & D 

Pressure  = 4400  p.s.i.g. 
Orifice  j area  = 1.2S7  In^ 
Moment  arm  = 12  In. 


1,  Calculate  Force  F = PA 

F *=  (4400)  (1.287)  = 5660  Lbs. (A  conservative  figure) 

2,  Calculate  Moment  M = FL 

M = (5660)  (1J2)  = 68,000  In-Lb 

3,  Calculate  Stress  S = M 

68.000  Z 

S = 1.1  = 61,800  p.s.i. 

4*  Compare  Stress  to  Allovrable  Stress  of  Pipe 
61,800  p.s.i.  is  greater  than  18,350  p.s.i. 

A support  is  needed,  as  was  evidenced  by  a bent  SV  coruiection  when 
this  valve  blev:  the  first  time. 

d.  Suggested  Supports 

See  PG1S?19  Sheets  Nos.  4,  5,  & 6 

e.  Safety  valves  should  not  be  piped  to  a header  above  the  valve  outlet  port 
unless  certain  precautions  have  been  taken.  See  PGM  irl9  Sheet  No.”*^ 

* f . If  you  have  ciny  questions,  discuss  them  with  our  stress  analyst  for 
resolution. 
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, / , By  r.  CAPLAN 

Kais€r  Div,  Kaher  Industries  Corp, 

When  a pressure  safety  valve  discharges,  a re- 
active force  is  imposed  on  the  piping.  This  force 
should  be  considered  in  tlie  design  of  valve  sup- 
ports, and  the  nomogiaph  on  the  following  page 
will  provide  a quick  determination. 

In  books  on  fluid  mechanics  (e.g..  Chemical 
Engineers  Handbook,  pp.  5-17),  it  is  shown  that 
the  reactive  force  of  a jet  due  to  change  in  mo- 
mentum of  a fluid  is: 

F=rAP/3600,-  ■ ■'  (1) 

where 

F = reactive  force,  !b  ' 

V ^ fluid  flow,  lb  per  hr 

AF  = change  in  fluid  velocity,  fps 
^ = 32.17  ft  per  sec* 

Normally,  the  backpressure  on  a pressure  safe- 
ly valve  handling  a gas  or  vapor  is  less  than  half 
the  v^el  or  line  pressure.  The  velocity  of  the 
gas  at  the  safety  valve  nozzle  outlet  is  dierefore 
sonic  (sometimes  called  acoustic  or  critical),  and 
AF  is  very  nearly  sonje,  or : 

V = , (2) 

where 

V = sonic  velocity,  fps 

R = universal  gas  constant,  1546  Ib-fl  per  deg 
- Rankine  per  lb  mole 

4 = ratio  of  specific  heat  of  gas  at  constant  pres- 
sure to  that  at  constant  volume,  Cp/ct 
M ~ gas  molecular  weight,  lb  per  lb  mole 
r«  = absolute  temperature  of  gas  leaving  safely 
valve  orifice,  deg  Rankine 

The  temperature  of  the  gas  leaving  the  safety 
valve  nozzle  can  be  expressed  in  terms  of  the 
upstream  (line  or  vessel)  temperature,  and  for 
sonic  flow: 

r.  = 2T./ik  + 1)  . . (3) 

where 

Ft  = absolute  upstream  (line  or  Yer^5e!)  icmpcratare, 
deg  Rankine  . . 

Substituting  Equations  2 and  3 into  1 we  ob- 
. tain: 

F-  {\ymi){kT,/{k  + DA/]’'^  (4) 

The  reactive  force  can  also  lie  expressed  in 
terms  of  the  absolute  pressure  in  the  vessel  or 


line  when  the  safety  valve  pops.  Equation  1 can 
be  written: 

F = QpV/s  (5) 

where 

Q = gas  flow,  cu  ft  per  sec 
p “ gas  density  at  flow  conditions,  lb  per  cu  ft 
Also, 

Q-  AY  ' 

where  ' , : 

A = cross  sectional  area,  sq  ft 
. and  therefore 

F = ApY^/g  (6) 

From  Equation  2 we  obtain: 

Y^^gKkTJM  ' (7) 

From  the  perfect  gas  law  we  obtain: 

P = \UPuM/RT.  (8) 

where 

Pn  = absolute  pressure  of  gas  leaving  safety  valve 
orifice,  psia 

Substituting  Equations  7 and  8 into  6,  we  ob- 
tain: . 

F ^ Pnka  ^ (9) 

where 

a = cross  sectional  area  of  safety  vdve  orifice,  sq  in. 
For  sonic  flow,  the  pressure  of  the  gas  leaving 
the  orifice  can  be  expressed  in  terms  of  the  up- 
stream (line  or  vessel)  pressure  as  follo^vs: 

P.  = P.[V( A-  d-  !)]*/(••  >)  (10) 

where 

Pt  “ absolute  upstream  (line  or  vessel)  pressure, 
psia 

Substituting  Equation  10  into  Equation  9,  we 
obtain; 

P = P,a^[2/(Jt  d-  1)]V(»  - ^)  (11) 

The  various  presure  vessel  codes  permit  vari- 
ous percentages  of  overpressure  (commonly 
called  accumulation)  above  the  vessel  design 
pressure  at  the  time  the  safety  valve  is  blowing 
(e.g.,  the  ASME  Code  for  Unfired  Pressure  Ves- 
sels permits  10  percent  overpressure).  Safety 
valve  capacities'are  determined  and  tabulated  for 
the  overpressure  point.  In  using.  Equation  11, 
therefore,  Pr  is  the  set  pressure  of  the  safety 
valve  plus  tlic  accumulation  plus  atmospheric 
pressure. 
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1 .  PURPOSE 


The  piirpose  of  this  specification  is  to  ensure  uniformity  of  quality 
of  cleanliness  for  materials  cleaned  by  a vendoPo 

2.  SCOPE 

2.1  This  spscification  applies  to  equipment  having  surfaces  which 
can  be  inspected  visually  either  in  its  assembled  or  piece  small 
condition  or  and  to  surface  which  cannot  be  inspected  visually, 

2.2  It  is  intended  that  this  specification  should  apply  to  vessels 
and  components  used  for  chemical  process,  storage  or  other 
application  where  no  contact  with  liquid  or  gaseous  oxygen  or 
oxygen  rich  mixtures  is  involved, 

3.  CLEANING  METHODS 

3.1  Cleaning  may  be  accomplished  by  any  physical  method  or 
combi’^ation  of  methods  which  assure  that  all  surfaces  are  clean 
as  defined  in  clause  4* 

3.2  Cleaned  equipment  must  be  drained  and  p-.-ged  of  all  cleaning  agents, 

3.3  All  flux  residues  resulting  from  brazing,  soldering  and  welding 
operations  must  be  removedo 

3.4  Pressure  testing,  if  required,  after  cleaning,  shall  be 
accomplished  with  clean  tap  water  or  filtered  airo  Squipment 
which  is  hydrostatically  tested  will  require  thorough  dryingo 

4.  ACCEPTANCE  TEST 

A surface  can  be  considered  Class  Clean  when  it  conforms  with  the 
followings 

4.1  Direct  Inspection 

4.1.1  Visually  clean  under  bright  white  light* 

4o1o2  There  shall  be  no  loose  particles  or  other  foreign 

matter  in  the  vessel  or  component  which  exceed  (3„2  mm) 
maximum  in  tv/o  directions  or  maximum  (l*6  mm)  in  the 

third  plane,  nor  any  excessive  amount  of  smaller  particles. 

4o1.3  There  shall  be  no  visual  indication  of  the  presence  of 
heavy  oil  or  grease  except  that  all  unpainted  external 
surfaces  liable  to  corrode  or  rust  in  normal  atmospheric 
conditions  shall  oe  allowed  to  have  a protective  coat  of 
light  oil  or  rust  preventive* 
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4,2  Indirect  Inspection 

4.2.1  Surfaces  which  are  inaccessible  to  visual  inspection 
should  be  pickled  or  cleaned  by  lise  of  a cleaning 
process  which  must  be  agreed  with  Air  Products  Quality 
Control  Department  as  able  to  achieve  the  acceptance  standards 
shown  in  clause  4.1# 

5,  PACKING 


5.1  Upon  completion  of  cleaning  and  after  establishing  acceptance 

all  openings  must  oe  sealed  against  entry  of  dirt,  moisture  etc. 
using  an  inert,  vapour  free,  greaseless  barrier  material. 

5*2  The  carton  or  package  should  be  labelled  'Class  "B"  Clean.' 


F.912 


ENGINEERING 

SPECIFICATION 


No. 


A .02 


PAGE  CONT.  ON  2 
REV 


TITLE 


Acceptance  Tests'  for  Class  ’A'  Cleaning 


DISTRIBUTION 


J.D,  Scott 
Be  Moody 
Be  Davey 
C.H*  Bloom 
Ke  Coulson 
T,S.  Griffiths 
!•  Everson 
Be  Davis 
Be  Savory 
C.  Aquilina 
B.  Groxford 
Be  Templeman 
Ae  Bryant 
B,  Thompson 
R#  Thorogood 
Me  Vogel 
Je  Hawkes 
Gedge 


All  construction  Superintendents 
All  Project  Managers  and  Engineers 
All  Design  Department  Engineers 


Technical  Service  Group  Manager 

Chief  Engineer 

Technical  Department  Manager 

Manager  Design  Engineering 

Quality  Control  Manager 

Purchasing  Manager 

Chief  Safety  Engineer 

Design  Section  Head 

Design  Section  Head 

Design  Section  Head 

Design  Section  Head 

Drafting  Section  Head.  Acrefair 

I.G.D.  Bracknell 

I.G.D.  New  Malden 

Deputy  Chief  Engineer 

Operations  Director 

U.K.  Operations  Manager 

Construction  Manager 


- 

1 

0 

ORIGINAL  ISSUE 

J 

2.5.69 

r 

Pe  o-r'/i  rn 

REV 

DESCRIPTION 

DATE 

ORIGINATOR 

APPROVED 

BY 

1 

SECTION  HEAD  *[  DESIGN  MANAGER 

CHIEF  ENGINEER 

-61?0UP  MANAGEI.  ^ 

7^  I '7^o</u^ 


TITLE 


1. 


ENGINEERING 

SPECIFICATION 


No. 

PAGE  2 
REV  0 


A.02 

CONT.  ON  5 


Acceptance  Test  for  Class  *A’  Cleanliness  (High  Purity  Clean) 


PURPOSE 


May  12,  1969 


The  purpose  of  this  specification  is  to  ensure  uniformity  of 
quality  of  cleanliness  for  materials  deemed  by  a vendor* 


2. 


SCOPE 


2ol  This  specification  applies  to  equipment  having  surfaces  which 
can  be  inspected  visually  either  in  its  assembled  or  piece 
small  condition  or  to  inaccessible  surfaces  which  cannot  be 
inspected  visually* 

2.2  It  is  intended  that  this  specification  applies  to  bessels 

and  components  used  with  liquids  or  gaees  i^ere  contamination 
must  be  reduced  to  a minimum. 

2.5  It  does  not  apply  to  liquids  or  gases  containing  25^  or  more  o:!* 
oxygen. 


5.  METHODS 

5.1  Cleaning  may  be  accomplished  by  emy  physical  method  or 
combination  of  methods,  which  assure  that  all  surfaces  are 
thoroughly  clean  as  defined  in  Clause  4o 

5.2  Cleaned  equipment  must  be  drained  and  pruged  of  all  solvent. 

3.5  All  flux  residues  resulting  from  brazing,  soldering  and 
welding  operations  must  be  removed. 

3.4  Pressure  testing,  if  required,  after  cleaning,  shall  be 
accomplished  with  clean  tap  water  or  oil  free  air  or 
nitrogen.  Equipment  which  is  hydrostatically  tested  will 
require  thorough  drying.  * 


4.  ACCEPTANCE  TESTS 

A surface  can  be  considered  Class  *A*  Clean  when  if  conforms 
with  the  following: 


4.1  Direct  Insoection 

40101  Visually  clean  under  bright  white  light. 

40102  No  surface  shall  contain  any  loose  particles 
capable  of  being  brushed  off  by  hand  with  a soft 
nylon  brush  or  blown  off  with  an  air  jet.  There 
shall  be  no  potentially  loose  particles  which 
exceed  l/l6"  (l.6mm)  Max.  in  two  directions  or 
1/32"  (o8mm)  in  the  third  plane. 
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4p1o3  In  case  of  doubt  the  maximum  allowable  number  of 
potentially  loose  particles  of  any  size  on  any 
Sijuare  foot  of  surface  shall  not  exceed  ten  (lO) 

4olo4  Wiping  with  a clean  white  lint  Tree  cloth  shall 
detect  no  trace  of  oils  or  grease o 

4o2  Indirect  Inspection 

Surfaces  which  are  inaccessible  to  visual  Inepectiou  either 
directly  or  with  a borescope  shall  have  a quantity  of 
trichlorethylene  or  methylene  chloride  circulated  through 
them  and  a representative  sample  of  the  effluent  solvent  ‘ 
shall  be  taken  and  inspected  as  follows: 

40201  A sample  of  used  solvent  used  for  the  last 
cleaning  shall  be  inspected  under  bri^t  white 
light  and  compared  with  new  uaueed  solvenir  and 
the  difference  should  not  be  detectableo 

40202  The  used  solvent  should  be  inspected  fcr 
residual  and  floating  particles  and  these 
should  not  be  greater  in  size  than  shown  in 
clause  4o2o 

40203  A 25  cCp  sample  of  the  used  solvent  should 
then  be  evaporated  on  a clean  watch  glass  and 
subjected  to  ultra  violet  light  having  a wave 
length  of  3600  angstom  and  the  residue  should 
show  only  a faint  flubresencso 

5.  PACKING 
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5ol  Pressure  vessels  liable  to  rust  if  left  exposed  to  the 
atmosphere  should  be  pruged  of  all  air  and  filled  with 
dry,  oil  free  nitrogen  to  a pressure  of  10  psigp  carbon 
dioxide  may  be  used  providing  the  interior  of  the  vessel 
is  completely  dry^  The  vessel  should  be  claarly  labelled 
that  the  vessel  is  pressurise do 

5 o2  Vessels  liable  to  rust  but  not  able  to  be  presf^urised  ' 
should  have  packets  of  silica  gel'  or  activated  alumina 
or  similar  moisture  adsorbing  agents  hung  inside  and  the 
outside  of  the  vessel  labelled  accordingly^ 

5.3  Upon  completion  of  cleaning  and  after  establishing  acceptance 
all  openings  must  be  sealed  against  entry  of  dirt,  luoisture 
etCo  using  an  inert,  vapour  free,  greasless  barrier  materials 

5-4  The  carton  or  package  should  be  labelled  « Class  ••A”  Clean*  o 


F.912 


No.  A.  05 


ENGINEERING 

SPECIFICATION 


PAGE  CONT.  ON 

COVER  SHEET 

REV  0 


title  acceptance  test  for  class  *aa'  cleanliness 

(OXYGEN  CLEAN) 


DISTRIBUTION 


All  Engineering  Specificationa  and 
Standards  Manual  Holders 


No  change 


JeW.Pegram 


ORIGINAL  ISSUE 


12o5.69 


J.WcPegram 


Af  2 g 


REV 


DESCRIPTION 


DATE 


ORIGINATOR 


a 


Original 

APPROVED 

BY 


SECTION  HEAD 


CoH»  Bloom 


DESIGN  MANAGER 


B.E.  Moody 
CHIEF  ENGINEER 


TECH.  SERVICE  O 
GROUP  MANAGE  5b 


ALL  INFORMATION  HEREON  IS  THE  CONFIDENTIAL  PROPERTY  OF  AIR  PRODUCTS  LTD.  UNLESS  ANOTHER 
SOURCE  IS  SHOWN  AND  IS  SUBJECT  TO  RETURN  ON  DEMAND  AND  MUST  NOT  BE  REPRODUCED  WITHOUT 
PRIOR  WRITTEN  CONSENT. 


F.eii 


ENGINEERING 

SPECIFICATION 


■ Acceptance  Test  for  Claas  'AA'  Cleanlinese  (Oxygen  Clean) 


No. 

A.03 

PAGE 

1 CONT.  ON  2 

REV 

0 

1. 


2. 


PURPOSE 

The  purpose  of  this  specification  is  to  ensure  uniformity  of  quality 
of  cleanliness  for  materials  cleeuied  by  a Vendor. 

SCOPE 


2,1 


2.2 


This  specification  applies  to  equipment  having  stirface  which 
can  be  inspected  visually  either  in  its  assembled  or  piece 
small  condition  or  to  inaccessible  surfaces  which  cannot 
be  inspected  visually. 

This  specification  applies  to  all  equipment  used  with  liquid 
air,  liquid  or  gaseous  oxygen  or  mixtures  containing  2551^  or 
more  of  oxygen  or  oxygen  rich  atmospheres  where  the  oxygen 
content  is  2%  or  more. 


CLEANING  METHODS 

3.1  Cleaning  may  be  accomplished  by  any  physical  method  or 

combination  of  methods,  which  assure  that  all  surfaces  are 
thoroughly  clean  as  defined  in  Clause  4.  If  the  vendor  has 
any  doubt  as  to  the  correctness  of  the  method  or  the 
suitability  of  the  cleaning  agent  he  should  consult  the 
Quality  Control  Department  of  Air  Products  Limited. 

Inhabited  trichlorethylene  and  ^ethylene  chloride  are  approved 
solvents. 

Cleaned  equipment  must  be  drained  and  purged  of  all  solvent. 

All  flux  residues  resulting  from  brazing,  soldering  and 
welding  operations  must  be  removed. 

Pressure  testing,  if  required  after  cleaning,  shall  be 
accomplished  with  drinking  water  filtered  through  a 10  micron 
stainless  steel  filter  or  dry,  oil  free  filtered  air, 
nitrogen,  helium  or  freon.  Equipment,  which  is  hydrostatically 
tested  will  require  thorough  drying, 

4.  ACCEPTANCE  TEST 

A surface  can  be  considered  Class  'AA*  Clean  when  it  conforms  with 
the  following: 


3.2 

3.3 

3.4 

3.5 


4.1  Direct  Inspection 

4.1.1  100^  of  all  surfaces  must  be  subjected  to 

examination  by  bright  white  light  and  ultra  violet 
light. 
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4.1.2  No  surface  when  inspected  under  bright  white  light 
may  contain  any  loose  particles  capable  of  being 
brushed  off  by  hand  with  a soft  nylon  brush  or  blown 
off  with  an  air  jet.  There  shall  be  no  potentially 
loose  particles  which  exceed  0.5  nwn«  in  two  directions 
and  0.2  mm  in  the  third  plane# 

4.1.3  surface  must  be  completely  dry. 

4.1.4  The  surface  shall  be  free  of  all  discolo\iration 
other  than  that  which  id  due  to  the  metal. 

4.1.5  Black  Light  Inspection  All  surfaces  shall  be  free 
of  any  fluorescence,  other  than  isolated  spots  of 
lint  and  dust,  detectable  by  ultra-violet  light 
having  a wave  length  of  3^00  angstroms  when  viewed 
in  the  dark* 

4.1.6  Wipe  Test  Surfaces  shall  be  wiped  with  a clean 
white  lint  free  cloth  and  the  cloth  inspected  to 
ensure  the  absence  of  any  oils  not  detectable  by 
black  light  or  residue,  discolouration,  fibres  etc# 
not  previously  detected.  The  cloth  may  be  dipped 
in  Trichlorethylene  or  Methylene  Chloride  before 
wiping, 

4,2  Indirect  Inspection 

S\irfaces  which  are  inaccessible  to  visual  inspection  either 
directly  or  with  a borescope  or  similar  instrument  shall 
have  inhibited  tri  chlorethylene  or  methylene  chloride 
circulated  through  them  and  a representative  sample  of  the 
effluent  solvent  shall  be  taken  and  inspected  as  specified  in 
4,2.1,  4.2.2,  and  4.2,3. 

Note  No  other  solvent  or  cleaning  agent  than  the  two 
mentioned  is  allowed  for  this  operation, 

4.2.1  A sample  of  used  solvent  shall  be  inspected  under 
bright  white  light  and  compared  with  new  unused 
solvents  and  the  difference  should  not  be  detectable. 

4.2.2  When  the  equipment  is  considered  clean  a gallon  of  new 
clean  solvent  should  be  circulated  and  collected. 

This  effluent  should  be  examined  for  any  floating 
particles  or  residue  which  should  not  exceed  the  sizes 
stated  in  4ol.lo 

4.2.3  A 25  cc  sample  of  the  used  solvent  should  then  be 
evaporated  on  a clean  watch  glass  and  subjected  to 
ultra  violet  light  having  a wave  length  of 

5600  angstom  and  there  should  be  no  fluorescence. 
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If  there  is  still  any  doubt  about  the  cleanliness  of  the 
equipment  a sample  of  the  effluent  from  4,2.2  should  be 
analysed  for  the  presence  of  hydrocarbons  under  the 
supervision  of  Air  Products  Quality  Control  Department, 


5.  PACKING 

5.1  Pressure  vessels  liable  to  rust  if  left  exposed  to  the 
atmosphere  should  bo  purged  of  all  air  and  filled  with 
dry,  oil  free  nitrogen  to  a pressure  of  10  psig. 

Carbon  dioxide  may  be  used  providing  the  interior  of  the 
vessel  is  completely  dry.  The  vessel  should  be  clearly 
labelled  that  the  vessel  is  pressurised. 


5.2  Vessels  liable  to  rust  but  not  able  to  be  pressurised  should 
have  packets  of  silica  gel  or  activated  aluminium  or  similar 
moisture  adsorbing  agents  hung  inside  and  the  outside  of 
the  vessel  labelled  accordingly« 

5.5  Upon  completion  of  cleaning  and  after  establishing  acceptance 
all  opemngs  must  be  sealed  against  entry  of  dirt,  moisture 
etc.  using  an  inert,  vapour  free,  greaseless  barrier  material, 

5.4  The  carton  or  package  should  be  labelled  "AA  Cleaned  for 
Oxygen  Service". 
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1. 


PUD  POSE, 


1,1  o The  pui-pose  of  this  Specification  is  to  establish  the  degree 
of  cleanliness  and  preparation  for  shipment  of  all 
compressors 5 piping  and  associated  equipuer.x  ocnia 
with  oxygen  enriched  atmosphere.s , 

1,2„  This  Specification  must  be  road  in  conjuiio'^doii  with 

Specification  Ao03  "Acceptance  Test  for  AA  Cleanlines s"o 


2.1.  The  cleanliness  of  all  compress orsj,  piping  and  aesoeiated 
equipment  in  contact  with  oxygen  enriched  atmospheres 
shall  conform  to  this  Specification  and  A„05  unless  the 
vendor  secures  written  approval  from  the  Purciiaser  for 
any  exception, 

2.2,  Clause  4 of  this  Specification  shall  gove"^n  wh-:re  there  is 
any  confliet  with  Clause  5 of  Specification  A,03, 


5. 


4. 


RESPONSIBILITY 

5,1,  The  vendor  shall  assume  full  responsibility  for  the  ^ 

cleanliness  of  all  components  cleaned  to  thie  Specification 
by  themselves  and  sub'-contrat-torso 


PREPARATION  FOR  SHIH1BNT 


4.1. 


Ml  ferrous  materials^  except  pips,  after  being  cleaned  shall 
be  given  three  (5)  applications  of  protective  wax  coatixig  to 
all  surfaces.  This  protective  wax  must  not  be  a hvdic.ia::bon 
product  but  a synthetic  wax  as  for  examplSg  H&iocavten 
Products  Corporation's  wax  coating  ty]^e  6-25  an-i  6=2yZ 
Sufficient  time  (approximately  y hour;  shall  be  al-lowed. 
between  coats  to  permit  previous  application  to  beecme 
tacky. 


Wax  may  be  applied  using  a clean ^ standard  paint  spray  gun. 
Only  dry,  oil  free  air  or  nitrogen  shall  be  used  in 
spraying  the  protective  wax. 


4.2,  Assemblies  such  as  centrifugal  compressors,  cylinders,  and 
vessels  shall  have  all  openings  closed  to  prevent  the 
entrance  of  dirt  and  moisture.  Openings  shall  be  closed  by 
covering  with  clean  polyethlene  sheet,  a gasket,  and  then 
a steel  plate.  Covers  for  openings  less  than  18",  a minimum 
of  i""  thickness. 


4.5,  I\)llowing  cleaning  stainless  steel,  copper  alh-y  or 

aluminium  alloy  piping  the  vessels  shall  have  all  cper±ngs 
sealed. 
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4*4q  Perrons  piping  and  vessels^  after  cleaningj  shall  be  purged 
using  dry  oil  free  nitrogeup  and  all  openings' covered* 

4*5.  Spare  parts  - All  spare  parts  shall  be  sprayed  with 

protective  wax  as  described  above  and  sealed  in  clean 
polyethlene  bags*  Bags  shall  also  contain  tag  stating 
^Cleaned  for  Oxygen  Service'^  part  name  and  number * 

4#6*  All  packages^  boxes p crates  and/or  skids  containing  parts 
or  assemblies  which  have  been  cleaned  in  accordance  with 
this  specification  shall  have  a tag  "Cleaned  for  Oxygen 
Service"  attached  in  a conspicuous  place* 
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TITLE 

1 . PURPOSE 

This  specification  states  Air  Products  miniaum  requirenents  for 
testing  and  cleaning  valves  for  use  in  oxygen  seirvice  (cryogenic 
and  warm), 

2.  SCOPE 

This  specification  applies  to  all  valves  to  specifications  L*01 f 
h^02  and  others  where  called  for  on  the  requisition. 

5.  GENEEAL 

3.1.  Test  body,  seat  and  bonnet  hydrostatically  with  fresh  drinking 
water  in  accordance  with  para,  5. 

3.2.  Dismantle  valve  and  degrease  component  parts  with  inhibited 
methylene  chloride  or  trichlorethylene.  Parts  must  be 
handled  with  clean  lint-free  gloves  after  this  operation. 

(For  valves  having  renewable  seat  rings  not  extracted  at 
this  stage,  degreasing  of  the  seat  ring  and  body  thread  must 
be  carried  out  before  the  hydrostatic  test.)  Valves  and 
parts  are  considered  degreased  when  the  requirements  of 
Clause  4 have  been  met. 

3*3.  Re-asaenble  valve  with  degreased  tools.  Body-to-seat 

thread  sealants  other  than  P.T.P.E.  or  KEL  - F must  be  approved 
by  Air  Products  Limited. 

3.4.  Test  seat,  bonnet  and  packing  xfith  dry,  oil-free  nitrogen  in 
accordance  with  para.  6 (b).  Seat  and  plug  must  be  dry  for 
this  test;  drying  must  be  done  with  oil  free  medium. 

3»5#  Tag  and  pack  in  polythene  bag  or  other  suitable  container  to 
prevent  contamination  before  use.  Label  "Degreased  for  oxygen 
service  to  Cleiss  AA  Standard". 

4*  DEGREASING  ACCEPTANCE  TESTS  (DIRECT  INSPECTION) 

The  following  relevant  extracts  from  Specification  A. 03  constitute 
the  acceptance  tests  for  valves  and  they  can  be  considered  Class 
•AA*  clean  when  they  conform  to  them. 

4.1  • No  surface  when  inspected  under  bri^t  white  li^t  may 

contain  any  moisture  or  loose  particles  capable  of  being 
brushed  off  by  hand  with  a soft  nylon  brush  or  blown  off 
with  an  air  jet. 

4.2.  The  surface  shall  be  free  of  all  discolouration  other  than 
that  which  is  due  to  the  metal. 
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4.3.  Surfaces  shall  be  wiped  with  a clean  white  lint  free 

cloth  and  the  cloth  inspected  to  ensure  the  absence  of  any 
oils  not  detectable  by  black  li^t  or  residue,  discolouration, 
fibres  etc.,  not  previously  detected. 

4»4.  B_lack  Li^ht  Insjiection  All  surfaces  shall  be  free  of  any 
fluorescence,  other  than  isolated  spots  of  lint  and  dust, 
detectable  by  ultra-violet  light  having  a wave  length  of 
3600  angstroms  when  vievred  in  the  dark. 

PRESSURE  TEST  RBQUIREIDTIT3  HYDHn^TA'PTn  (SES  NOTES ) 

5.1 . ^^Q6e . Angle  and  Needle  Valves s— 


Steel  ; 

Flanged 

BS. 1873:1960 

(Body  & seat) 

Steel  s 

Screwed  and  Socket 
weld 

BS.2995:1958 

(Body  & seat) 

Bronze  : 

Flanged  and  Screwed 

BS.2060: 196.1 

(Body  & seat) 

Gfate  Valves:- 

steel  : 

Flanged  and  Buttweld 

BS. 1414:1954 

(Body  & seat) 

Steel  : 

Screwed  and  Socket  weld 

BS. 2995: 1958 

(Body  & seat) 

Steel  : 

Flanged,  Screv^ed  and 
Socked  weld  (compact 
design) 

BS.3808;1964 

(Body  & seat) 

•Bronze  : 

Flanged  and  screwed 

BS.1 952:1 964  (Body  & seat) 

Cast  iron: 

Flanged  and  screwed 

BS.1 735: 1966 

(Body  & seat) 

Check  Valves 

Steel  ; 

Flanged 

33.1868:1960 

(Body  & seat) 

Steel  : 

Screwed  and  socket 
weld 

33.2995:1958 

(Body  & seat) 

Bronze  : 

Flanged  and  screwed 

33.1953:1964 

(Body  & seat) 

5.4.  For  seat  tests  on  globe  gate  and  check  valves  no  leakage 

detectable  to  the  naked  eye  is  permitted  over  a 30  second  period. 

6.  PRESSURE  TEST  REQUIREMENTS  PtfRimATTn  (PRY  NITROGBTT^ 

6,1,  Bonnets  and  glands  of  globe  and  gate  v^.aves  and  bonnets  of 
check  valves  must  be  tested  with  dry  oil— free  nitrogen  and 
soap  film  at  the  full  rating  of  the  valve.  The  stem  must  be 
free  to  turn  at  this  pressure.  No  leakage  visible  to  the 
naked  eye  is  permitted  in  ten  seconds. 


F.912 


- '-"I  i 

k-.u- 


'///■> /V. - 

' '•  ■■■  i 

1 


ENGINEERING 

SPECIFICATION 


No. 

PAGE 

4 

REV 
0 


Lc06 
CONT.  ON 

4 


T I T LE  Valves  » Oxygen  service;  minimum  Decoritamination  and  Tgai^ELCi.Q.uirCTgii±^ 


6»2«  Globe  and  gate  valve  aeata  are  to  be  tested  with  dry^  oil- 
free  nitrogen  at  500  psi  or  WOG  rating,  vrhicaover  is  the 
least.  Test  on  check  valve  waived,  excdpt  for  those  used  on 
cycling  heat  exchanger  circuits, 

6*5#  For  globe  and  gate  valves  having  raetal  to-metal  seats  a 

leakage  rate  of  2 cc  per  minute  (fifteen  t"  diameter  bubbles 
per  minute)  per  inch  of  valve  size  is  permitted  \ising  either 
of  the  shut-off  methods  described  in  Note  (b).  Lealcagc  can 
be  measured  by  means  of  a "J*”  bore  rubber  hose  just  beneath 
the  surface  in  a beaker  of  water. 

6.4.  For  globe  and  gate  valves  having  soft  seat  or  plug  inserts 
no  leakage  is  permitted  by  the  bubble  method  in  any  period 
of  ten  seconds  after  at  least  one  bubble  has  been  released. 

6.5.  Note 

6.5.1.  Re-tests,  Unlimited  re-tests  are  permitted  in  all 
cases  of  failure.  Valves  must  then  pass  the  tests 
on  two  successive  occasions. 

6.5.2.  Shut-off-Methods  Shut-off  is  to  be  achieved 
manually  by  the  Vendor's  employee  or  agent  using 
the  standard  handvfheel  in  the  normal  standing 

or  sitting  position.  One  or  two  hands  may  be  used. 
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1.  PURPOSE 

This  specification  states  the  requirements  for  the  erection,  testing 
and  cleaning  of  piping  systems,  fittings  and  valves <► 

SCOPE 

This  specification  applies  to  ferrous  and  non-ferrous  gipework 
for  liquids  and  gases  at  all  temperatures  between  -^50  Fo  and 
-i-700®F«,  (-267®Cp  and  +370°Co)  excluding  plastic  pipingo 

3.  CODES  AND  STANDARDS 

3«1  All  workmanship,  materials,  testing  and  inspection  shall  be 
in  accordance  with  ASA  B31o3  latest  editiouo 

3*2  All  welding  and  brazing  operatives  shall  be  qualified  in 

accordance  with  AoS*MoEo  Section  IX,  by  an  approved  authority 
for  the  appropriate  material  and  technique « All  valid 
qualifications  shall  be  submitted  to  the  Engineers 
Representative  before  work  commences o APL  form  VQ2-2  may  be 
used  to  record  Welder  Qualification  Tests  where  these  are  made 
on  site. 

3#3  Any  items  mentioned  in  this  Specification  are  in  addition  to, 
or  in  clarification  of,  the  relevant  codes  and  do  not  replace 
them. 

4.  WELDING  AND  BRAEINQ 


4.1  Backing  Rings 

4ol»l  Backing  rings  shall  not  be  used  in  stainless  steel 
atiH  carbon  steel  pipes  carrying  oxygen  (designated 
SSO  & CSO). 

4.1.2  Backing  rings  shall  not  be  xised  for  piping  2"  n.b. 
mm)  or  smaller. 

4. 1.5  Backing  rings  may  be  used  for  all  other  stainless  steel 
and  carbon  steel  joints.  Where  backing  rings  are 
not  used,  including  oxygen  lines,  the  root  run, 
is  to  be  performed  by  the  inert-gas  shielded  arc 
method,  with  interior  gas  purge. 

4.1.4  Backing  rings  may  only  be  used  for  alianinium  or 

aluminium  alloy  butt  joints  where  they  are  an  aid 
to  fitting  in  confined  spaces,  or  at  the  discretion 
of  the  Engineers  Representative.  On  single  or 
single  preparation  butt  joints,  the  root  run  with 
full  penetration  bead  is  to  be  performed  by  the  inert 
shielded  arc  process  (T.I.G.  orM.I.Q). 
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Backing  strip  in  all  materials  will  be  supplied  by  the 
Employer o 

A4o1o6  When  backing  rings  are  not  used  the  contractor  must 

ensure  that  the  pipe  bore  is  not  restricted  by  excess 
of  weld  metal,  icicles  and  weld  splatter© 

^.2  Aluminium 

4o2o1  Aluminium  pipe  shall  be  cut  only  by  mechanical  devices© 

4o2©2.  All  welding  of  aluminium  pipe  shall  be  performed  with 

the  inert  gas  shielded  arc  process,  using  T«I.Go  method 
with  AcCo  High  Frequency  Current,  or  MoIoG©  methodo 
A purp  of  similar  inert  gas  shall  be  maintained  on  the 
interior  of  the  line  during  the  root  weld  process 
wherever  possible© 

4,3  Stainless  Steel 

4*3o1  Stainless  steel  unless  prepared  by  a mechanical 

means  shall  be  ground  back  l/l6"  Uo6mm)  before  welding© 
Cutting  with  an  oxyacetylene  torch  shall  not  be  permitted. 

4.4  Brazing 

4.4.1  Brazing  wire  used  shall  be  Easy  Flo  No.  1 Solder 
manufactured  by  Johnson  Mat they  8e  Co©  or  approved 
equal©  Brazing  flux  shall  be  Easy  Flo  green  label  or 
equivalent©  Solder  Joints  shall  be  kept  as  far  as 
possible  from  threaded  Joints  to  prevent  destruction  of 
the  thread  sealo 

4.4o2  Fittings  once  brazed  shall  not  be  re-used© 

4o5  Valves 

Prior  to  welding  any  valve  into  a pipeline,  the  contractor  shall 
open  the  valve  fully,  and  take  precautions  to  prevent  thermal 
distortion  of  the  valve  and  its  components c 

4.6  Joint  Identification 

All  welded  and  brazed  Joints  shall  be  identified  by  the  operative 
with  his  stamp  and  a serial  number©  For  example  ^*T©22**  would 
have  been  done  by  welder  and  be  his  22nd  consecutive  weld 
on  the  Contract© 

4*7  Radiography  and  Inspection 

All  materials  and  workmanship  shall  be  inspected  by  the  Engineer's 
Representative  in  accordance  with  ASA  B31©3  at  any  place  where 
fabrication  and  erection  is  performed©  Any  defective  material 
or  workmanship  shall  be  corrected  to  the  satisfaction  of  the 
Engineer's  Representative  at  the  Contractor's  cost© 
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4o7ol  Radiography 

4o7olol  On  completion  of  the  first  ten  production 
welds  made  by  each  welder  in  each  material 
in  either  2G  or  58  positions  (ASMS  IX-i>ara 
two  welds  shall  be  completely  radiograp^edo 
Two  per  cent  of  the  remainder  of  the  welds 
made  by  each  welder  with  a minimxim  of  five 
welds  shall  be  radiographed o Each  film  shall 
be  marked  with  the  line  auid  weld  number  and 
shall  be  to  the  satisfaction  of  the  Engineer's 
Representative  o 

If  any  radiograph  is  unsatisfactory,  two 
further  radiographs  shall  be  taken* 

4c7o1*2  All  joints  between  prefabricated  spool  pieces 
and  all  closing  joints  shall  be  subject  to 
100?S  X-Ray* 

4o7olo5  If  any  weld  is  not  the  standard  given  in 

ASA  B31o3  it  shall  be  cut  out,  repaired  and 
radiographed*  All  costs  involved  in 
making  such  a repair  shall  be  borne  by  the 
Contractor* 


4*7*2  Socket  Weld  Fittings  and  Brazed  Joints 

At  the  disciretiosi  of  the  Engineer'* s Representative,  a 
maximum  of  % of  socket  welds  per  welder,  and  brazed 
joints  flhall  be  cut  out,  sawn  in  half  and  inspected* 
Should  any  of  these  be  unsound,  then  f\irther  welds 
or  brazed  joints  shall  be  cut  out  and  inspected  until 
it  is  established  that  all  are  satisfactory* 

The  cost  of  cutting  out  and  replacing  shall  be  borne 
by  the  Contractor* 


5o 


6. 


THREADED  JOINTS 

Teflon  tap#  shall  be  used  for  joints  operating  up  to  240^0*,  but 
not  above  this  temperature*  No  other  sealant  is  allowed  in  t^s 
range*  A seal  weld  is  recommended  for  temperatures  above  240  C* 

VALVES  AND  BELLOWS 

" . 

6ol  Qlob#^  Mlvme  ishall  normally  be  installed  so  that  the  disc 

will  Wiose  agaifi^  pressure*  On  reactivation  circuits  some 
valves  will  be  installed  covinterflow  and  these  will  be  marked 
with  an  arrow  and  the  letter  on  the  drawings* 

6*2  Bellows  assemblies  shall  be  installed  in  accordance  with  the 

notes  on  the  isometric  drawings*  The  Contractor  shall  request 
the  Engineer's  Representative  specifically  to  inspect 
installed  bellows,  before  the  plant  press\xre  test* 
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7.  CLEANINa  AND  STORAGE 

7 •0,1  Proper  cleaning  of  all  equipment  in  contact 

with  oxygen  is  absolutely  essential.  Ineffective 
cleaning  can  result  in  loss  of  life  and  damage  to 
equipment.  If  any  doubt  exists  as  to  whether 
oxygen  equipment  has  been  contaminated  or 
insufficiently  cleaned,  it  shall  be  recleaned  at 
the  Contractor's  coat, 

7.0. 2  The  Contractor  shall  clean  all  piping  fittings  in 

accordance  with  the  contract  drawings  and 
specifications, 

7.0. 3  Valves  required  to  be  cleaned  to  Classification  AA 

cleanliness  will  normally  be  delivered  in  that 
conditions 

7.0. 4  Where  valves  are  required  to  be  cleaned  on  site 

this  will  be  shown  in  the  Valve  Summary,  The 
recommended  method  is  given  in  Para  A. 6,  Any 
cleaned  material  that  is  not  to  the  approval  of 
the  Engineer's  Representative  shall  be  recleaned  at 
the  Contractor's  expense, 

7.0. 5  Cleanliness  of  materials  is  classified  into  3 groups: 

Service  Materials  - Classification  B Cleanliness 

Process  Materials  - Classification  A Cleanliness 

Oxygen  & Cryogenic  - Classification  AA  Cleanliness 
Materials 

7#1  Classification  B Materials  shall  be  considered  clean  when 
they  are  visxially  clean  under  bright  white  lighto 

7.2  Classification  A Materials  shall  be  considered  clean  when 
they  are: 

7.2ol  Visually  clean  under  bright  white  lighto 

7*^®^  Free  from  loose  particles  or  potentially  loose 
particles,  paint  and  other  protective  coatingo 

7o2«3  Free  from  grease  - wiping  with  a clean  white  lint 
free  cloth,  or  pulling  through  shall  detect  no 
trace  of  oils  of  grease  on  the  clotho 

7o3  Classification  AA  materials  shall  be  considered  clean  when 
they  conform  to  the  following: 
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7.3.1  Visually  clean  under  bright  white  light  and  ultra 
violet  light® 

7.3.2  No  internal  surface  when  inspected  under  bright 
white  light  shall  contain  any  loose  particles 
capable  of  being  brushed  off  by  hand  with  a soft 
nylon  brush  and  blown  off  with  an  air  jet. 

There  sl^iall  be  no  potentially  loose  particles 
which  exceed  0®5inm  in  two  directions  and  0.2mm 
in  the  third  plane® 

7.3.3  All  surfaces  must  be  completely  dry. 

7.3.^  All  surfaces  shall  be  free  of  all  discolouration 
other  than  that  wnich  is  due  to  the  metal. 


7.3.5  Black  light  Test  - Internal  sources  shall  be  free 
of  any  fluorescence,  other  than  isolated  spots  of 
lint  and  dust,  detectable  by  ultra  violet  light 
having  a wave  length  of  3^00  Angstroms  when  viewed 
in  the  dark.  The  UoV.  lamp  will  be  supplied  by 
the  Employer. 

7.3.6  Wipe  Test  - Internal  surfaces  shall  be  wiped  with 
a clean  white  lint  free  cloth  and  the  cloth 
inspected  to  ensure  the  absence  of  any  oils  not 
detectable  by  black  light,  or  residue  discolouration, 
fibres  etc.,  not  previously  detected.  The  cloth 

may  be  dipped  in  trichlorthylene  or  methylene 
chloride  before  wiping. 

7.4  Cleaning  Methods 

Suggested  cleaning  methods  are  described  in  Appendix  1. 

7.5  Storage 

7.5.1  All  valves  and  fittings  shall  be  stored  indoors. 
Protective  packages  labelled  ’Decontaminated  for 
Oxygen  Service®  or  similar,  shall  not  be  removed 
until  the  equipment  is  to  be  installed.  If  removed, 
or  damaged,  at  the  discretion  of  the  Engineers* 
Representative  the  item  shall  be  recleaned  by  the 
Contractor  at  his  cost. 

7.5.2  During  construction  all  cleaned  materials  shall  be 
maintained  clean  until  the  installation  is  accepted 
by  the  Engineer’s  Representative,  Both  in  storage 
and  during  installation  open  pipe  ends  and  vessel 
nozzles  sliall  be  sealed  with  clean  polythene  sheeting. 

PRESSURE  TESTING  ^ PLANT  BLOWOUT 


ENGINEEHNG 

SPEdnCATION 


0.  M.02 

PAGE  7 CONT.ON  8 
REV  2. 


TfTLi 


Construction  Specification  for  Pipework  Erection,  Testing  & Cleaning 


8.1  Pressure  Testing  (Process  Piping) 

All  process  piping  will  be  pneumatically  pressure  tested 
under  the  supervision  of  the  Engineer’s  Representative. 

Both  leak  tests,  and  a 12  hour  drop  test  will  be  made  with 
oil  free  air  or  nitrogen  supplied  by  the  Employer. 

In  preparation  for  and  during  the  pressure  testing  the 
Contractor  shall: 

8.1.1  Instal  test  relief  valves,  gauges,  blanks  supplied 
by  the  Employer,  and  make  other  minor  modifications 
to  the  plant  as  instructed  by  the  Engineer’s 
Representative . 

8.1.2  Soap  all  joints  to  locate  leaks,  repair  any  leaks 
found,  and  re-soap  repaired  joints  to  the  satisfaction 
of  the  Engineer’s  Representative  and  the  relevant 
Inspecting  Authority. 

8.1.3  On  completion  of  the  pressure  test  restore  the 
plant  to  its  normal  working  condition. 

8.2  Pressure  Testing  (Utility  Piping) 

The  Contractor  shall  hydraulically  test  utility  piping  such 
as  steam  and  water,  at  1.5  times  design  pressure  after 
installation  and  repair  any  leaks  at  nis  own  expense, 

8.3  Blow-Out 

Either  before  or  after  the  pressure  test,  the  plant  will  be 
blown  out  to  remove  any  waste. 

The  Contractor  shall: 

8.3«1  Undo  and  afterwards  replace,  certain  flanged 

joints  as  instructed  by  the  Engineer’s  Representative 
to  allow  blowout, 

8,3*2  Afterwards  thoroughly  clean  out  any  part  of  the 
system  showing  an  accumulation  of  waste  material, 

9.  PROCESS  PIPING  ISOMETRICS 

Dimensions  on  isometric  sheets  are  based  on  geometric  calculations 
and  no  allowance  has  been  made  for  fabrication  and  erection 
tolerances.  The  Contractor  shall  prepare  and  assemble  the 
prefabricated  piping  allowing  for  such  tolerances  and  any  alterations 
necessary,  because  the  prefabricated  piping  does  not  mate  correctly, 
shall  be  carried  out  at  the  Contractor’s  cost. 
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PIPE  SUPPORTS 

Where  pipe  supports  for  piping  below  2"  n.b.(50Dun)  are  not 
specifically  detailed  on  the  drawings,  the  supports  shall  be 
supplied,  fabricated  and  installed  by  the  Contractor  at  no 
additional  cost  to  the  Employer e 
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All  Materials 

Remove  any  coating  of  paper,  lacquer,  varnish,  paint  ect. , scrub  out 
the  pipe  with  a dry  cylindrical  brush,  and  blow  out  with  air.  Where 
M internal  coating  is  to  be  removed,  such  coating  shall  be  removed 
from  pipe  ox'  fittings  before  that  item  is  welded. 


Grade  A Cleanliness  - Carbon  Steel 


A.3 

4 


A.  4 


A 


A. 2.1 


A.2.2 


Immerse  the  pipe  in  an  approved  chemical  descaling  solution, 
and  when  descaled  wash  out  with  clean  water.  Hydrochloric 
acid  may  be  used  for  extensive  descalingo 

Pacify  in  a phosphoric  acid  solution,  and  wash  in  clean 
water  and  dryo 


Grade  AA  Cleanliness  - St.  Steel.  C.  Steel.  Copper.  Alunixninn, 

For  carton  steel  this  procedure  may  be  necessary  following  that 
outlined  in  paragraph  A2  where  it  cannot  be  seen  that  the  internal 
surfaces  of  the  piping  are  clean. 


A.3.1 

A.3.2 

A.3.3 

A.3.  4 

General 

A.4.1 


Wash  out  or  scrub  out  with  a nylon  bnish,  pipe  and  fittings 
with  trichlorethylene  or  methylene  chloride  luxtil  clean. 

Pull  through  with  a clean  lint  free  cloth.  Do  not  re-use 
the  cloth a 

For  small  bore  pipe  do  not  pull  through,  but  drain,  and 
blow  out  with  dry  oil  free  air  or  nitrogen© 

Seal  the  pipe  ends  with  polythene  sheets© 


When  random  lengths  of  pipe  are  prefabricated,  the  chemical 
cleaning  (Para  A© 2 and  Ao3)  shall  be  carried  out  after 
pre fabrication©  The  pipe  ends  and  fittings  smd  backing 
rings  when  used  shall  be  wiped  clean  with  a trichlorethylene 
soaked  rag  and  the  trichlorethylene  allowed  to  evaporate 
prior  to  welding© 

Ao5  Tr i chlor e thy lene 

Th©  grade  of  Trichlorethylene  shall  be  I.C.I.  Grade  4 inhibited 
or  equivalent© 

Ao6  Valves 


Dismantle  valves  and  match  mark  all  parts.  Decontaminate  the  parts 
with  new  and  clean  methylene  chloride  or  trichlorethylene,  handling 
them  only  with  clean  lint-free  gloves.  The  parts  are  considered 
degreased  when  they  conform  to  Para  7.3.  Re-assemble  valves  with 
degreased  tools,  tag  the  valves,  and  pack  in  a polythene  bag  to 
maintain  cleanliness.  Label  "Degreased  for  oxygen  service". 
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An  electrodes  and  welding  wire  shall  be  stored  in  sealed  containers  in 
a dry  room.  Opened  packages  of  electrodes  and  welding  wire  shall  be 
kept  in  heated  storage  and  protected  from  deterioration  and  daimg?  until 
immediately  before  use. 

Electrodes  and  welding  wire  showing  signs  of  damage  shall  not  be  used. 


MATERIAL 

1)  Alminium/Manganese  Alloy 

NT5  to  BS  1470/77-1955 1 ASTM  OR  40A 
AA5154  (P22)  (Pipe) 

NP8  to  BS  1477  (Plate) 

2)  Stainless  Steel 

EN  58E,  ASTM  SA  512.TP304 

5)  Carbon  Steel 

Mild  Steel  BS  1501,  ASTM-SA-285 


WIRE  OR  ELECTRODES 


NG6  to  BS  1475-1955,  ASTM  QM  4U, 
AA  5456  (F22) 

N6/1  to  BS  1475  or  ASTM  SB/ER5183 


BS  2901  a8,  ASTM  SA  371,  or 
BS  2926-A  ASTM  A298(F5) 


BS  29OI-AI6  and  A17,  ASTM  SA  233, 
BS  1719 
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Line  Desipyiationa 

Each  line  will  be  designated  as  in  the  following  example^ 
2-0-321-SS  2.7 o 

This  IS  explained  as  foUov/s: 

2 is  the  nominal  pipe  or  tubing  size  in  inches 
not  (OD)  the  piping  bill  of  material  gives  the 
complete  descrip tiono 

0 is  the  line  service  letter  for  the  fluid  in  the 
line  (oxygen).  See  listing  of  fluid  designations. 

321  is  the  line  number<>  Oenerally,  line  numbers  go 
from  equipment  piece  to  piece. 

SS  2.7  - The  piping  material  and  pressure  classo  (SS 
is  stainless  steel  2.?  is  2?0  psig.  nominal  class). 


Piping  Material  LesiRnations 


AL  - 

Hlurainium  Alloy 

CT 

Copper  Tube 

CiiO  — 

Carbon  Steel  Oxygen 

ICT  - 

Instrument  Copper  Tube 

CSii  - 

Carbon  Steel  Steam 

SS 

Stainless  Steel 

OS  - 

Carbon  Steel 

TA 

Tungum  - Alloy 

Fluid  Designat; 

ions 

A 

- Air 

P - 

Propane 

C 

Caustic 

H 

Argon 

F 

- Freon 

S - 

Steam 

G 

Petrol 

CD  - 

Carbon  Dioxide 

H 

- Hydrogen 

FG  - 

Feed  Gas 

HE 

- Helium 

NG  - 

Methane  or  Natural  Gas 

N 

“ Nitrogen 

PW  - 

Potable  Water 

0 

“ Oxygen 

UG  - 

Waste  Gas 

r.tff 
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title  Specification  for  Oxygen  Service 


(i>esignea  oy  Ai^L  & 

Vessel  Fabrication  fabricated  by  Vendor), 


1 . Purpose 


Tiiis  specification  covers  the  requirements  for  the  fabrication, 
inspection  and  testing  of  pressure  vessels  for  liquid  or 
gaseous  oxygen  service  which  are  fabricated  by  a vendor  to 
the  design  of  nir  Products  Ltd. 

The  related  specifications,  standards  and  codes  shall  be  the 
latest  issue  and  shall  include  all  addenda,  revisions  and 
supplements. 

iill  conflicts  between  the  requirements  of  this  specification, 
the  standards  and  codes  shall  be  referred  to  Air  Products 
Limited,  hereinafter  called  the  Purchaser,  for  clarification 
or  modification  before  quotation,  or  in  the  event  of  an 
order  before  work  proceeds. 


2o  Lesim 


2.1  The  design  conditions  and  Code  of  Construction  will  be 
specified  on  the  Purchaser’s  drawing. 

2o2  Where  drawings  conflict  with  this  specification  the 
drawing  shall  govern. 

Materials 


5o1  Materials  of  vessel  construction  are  specified  on  the 
drawings  and/^or  the  associated  bills  of  material. 

302  Unless  otherwise  stated  in  the  order  the  Vendor  will 
obtain  and  shape  as  necessary  all  materials  required 
for  completion  of  the  work. 

303  Substitution  of  material  is  not  permissible  without 
prior  written  clearance  from  the  Purchaser. 

304  all  pressure  part  materials  shall  be  identif icable 
against  certificates  giving  full  chemical  analysis  and 
physical  properties, and  are  subject  to  approval  by  the 
appointed  Kepresentative  of  the  Approval  Authority. 


4o  drawings 


In  the  event  of  an  order  the  Purchaser  will  supply  to 
the  Vendor  sufficient  information  to  enable  the  Vendor 
to  complete  any  additional  detailed  fabiication  drawings. 

Drawings  in  aid  of  manufacture  should  be  submitted  to  the 
Approval  Authority  stated  in  the  purchase  order  with 
two  copies  to  the  Purchaser. 
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4o5  deviations  from  the  certified  drawings  and/or  speciiications 
shal3  not  be  permissible  except  when  prior  clearance  has 
been  obtained  from  the  Purchaser  and  Approval  Authority* 
t^uch  clearance  does  not  relieve  the  Vendor  of  any  responsibility 
for  the  soundness  of  work,  completing  the  work  in  scheduled 
time,  nor  does  it  commit  the  Purchaser  to  accept  any 
increase  in  costSo 


5o  Fabrication 


5o1  Fabrication  shall  be  fully  in  accordance  with  the 

A requirements  of  the  relevant  pressure  vessel  code , the 

appointed  approved  authority  and  in  accordance  with  the 
drawings o 


5o2  The  Vendor  is  to  confirm  that  welders  are  qualified  to 
the  requirements  of  the  specified  Code  Authority  and 
submit  certified  copies  of  welders  qualification  certificates 
to  the  Purchaser  prior  to  commencing  worko 

If  not  previously  qualified  to  those  requirements,  the 
welders  and  automatic  welding  equipment  shall  qualify  in 
accordance  with  the  code  on  test  plates  representing 
each  type  of  weld  and  material  to  be  used  before  proceeding 
on  production  welding® 

5o5  Records  of  test  plates  and  production  welds,  including 
radiographs,  shall  be  kept  and  made  available  to  the 
Purchaser  on  request®  Interpretation  of  acceptable 
radiographs  sha'  1 be  agreed  with  the  approval  Atuhority 
whose  decision  shall  be  final® 

5o4  quality  of  welding  shall  be  judged  and  radiographs 

interpreted  in  accordance  with  the  requirements  of  the 
Purchaser’s  quality  Control  Standards  or  as  agreed  with 
the  Vendor  and  the  Approval  Authority®  Details  of  such 
agreement  must  be  forwarded  to  the  Purchaser  for  review 
before  manufacture  commences® 


60  Inspection  ^ Testing 


6®1 


6®2 

A 


Inspection  and  testing  shall  be  to  the  specified  Code  in 
accordance  with  the  relevant  drawings  and  /pproval 
Authority  requirements® 

The  Approval  Authority  and  Air  Product’s  Inspection 
Engineer  shall  have  free  access  to  the  Vendor’s  works  at 
all  r^onable  times  after  placement  of  order  and  until 
delivery  of  completed  vessel#  They  shall  be  at  liberty 
at  any  stage  of  the  manufacture  to  inspect  and  reject 
any  defective  material  ttiat  does  not  conform  to  the 
specification  stated  on  the  certified  manufacturing 
drawings® 


F.912 


2^  I 'T^oc^c^ 


ENGINEERING 

SPECIFICATON 


No.  (J.03 

PAGE  5 CONT.ON  ^ 
REV 


for  Oxygen  Service  Vessel  Fabrication  ^Fabri^ate7b^Vendor) 


A 


A 


6.3 


6.4 


6.3 


A 


6.6 


A 


6.7 


Cost  of  all  Inspection,  Tests  and  Certificates  shall  be  borne 
by  the  Vendor. 

On  completion  of  fabrication  tne  vessel  shall  be  subject 
to  strength  test  to  the  pressure  stated  on  the  relevant 
drawing  and  code.  All  welds  shall  be  examined  for 
leakage,  ho  leakage  is  permitted.  This  test  is  to  be 
carried  out  in  the  presence  of  the  Approval  Authority  and 
Air  Products  Limited  Inspector.  No  final  inspection  tests 
are  to  take  place  before  all  the  material  certificates, 
and  the  results  of  any  tests  or  requirements  of  the 
approval  . utiority,  are  available. 

The  fabricator  must  provide  all  tne  necessary  materials 
and  equipment,  including  closures,  gaskets  and  test  bolts 
for  the  pressure  test.  Under  no  circumstances  may  the 
test  bolts  and  gaskets  be  delivered  with  the  finisned 
vessel,  where  the  bolts  have  exceeded  design  yield  stress 
0, 1a>  proof  stress  during  pressure  testing. 

after  carrying  out  the  pressure  testing,  all  welds  shall 
be  examined  for  gas  leaKage  using  aii  at  the  design 
pressure  . detection  shall  be  by  means  of  detergent 
solution.  No  leakage  shall  be  permitted.  On  completion 
of  the  test  all  traces  of  the  detergent  shall  be  removed. 

The  vessel  shall  not  be  despatched  1 rior  to  final  acceptance 
by  the  Purchaser  and  before  manufacturing  approval  has 
been  obtained  from  the  relevant  approval  authority. 


7o  Nameplate 


7.1 


A suitable  nameplate  sha.  1 be  provided  by  the  Vendor  and 
permanently  fitted  to  the  vessel.  On  satisfactory  completion 
of  tests,  the  nameplate  shall  be  stamped  by  the  Approval 

uthority.  Information  contained  on  the  nameplate  shall  be 
as  follows: 


(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

(h) 

(J) 


Makers  name  and  number 
Drawing  number  and  design  code 
Design  pressure 

Maximum  allowable  working  pressure 

Hydraulic  test  pressure  and  date  of  test 

Maximum  and  minimum  allowable  temperature 

Manufacturers  test  mark 

Approve ■’  Authority  test  mark 

Date  of  surveyor's  acceptance  test 
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8*1  On  completion  of  fabrication  the  inside  and  outside  of  the 
vessel  shall  be  thoroughly  cleaned,  decon  aminated  auid  left 
in  a physically  clean  condition*  The  degree  of  cleanliness 
will  be  stated  on  the  drawing  together  with  the  Specification 
Nop  A0O3  for  the  cleanliness  acceptance  testso 

8o2  Openings  shall  be  blanked  off  and  suitably  sealed  to  prevent 
the  ingress  of  dirt  and  dusto 


9o  Painting 

9o1  Ail  carbon  and  low  alloy  steel  fabricated  pressure  vessels 
shall  be  descaled  by  shot  balsting  and  finished  painted 
by  a four  coat  system,  one  primer,  one  undercoat  and  two 
top  coats  to  Vendors  own  specification  which  should  not  be 
less  tlun  BoiSo  Code  of  Practices  231  o The  top  coat  colour 
scheme  shall  be  as  specified  on  the  attached  bid  sketch 
or  a purchase  order^ 

10o  Preparation  for  Shipment 

10*1  The  relevant  vessel  project  and  equipment  numbers,  to  be 

painted  on  the  outside  of  the  vessel  in  4”  high  letters  and 
numerals  and  nozzle  streams  to  have  identification  marks 
painted  thereon®  A 1”  wide  x 12"  long  line  shall  be 
painted  on  the  North  side  of  the  vessel® 

10*2  The  vessel  must  be  pressurised  to  15'*  w.go  minimum  and 

15  psig  maximum  with  dry  oil  free  air  or  nitrogen  gas  and 
all  nozzles  suitably  blanked  off  and  the  vessel  suitably 
protected  for  road  and/or  rail  transport*  The  vessel 
shall  carry  a notice  that  it  is  under  pressure  during 
shipment* 

10*3  All  costs  of  preparation  for  shipment  are  to  be  borne  by 
the  vendor* 

10*4  Packing  will  De  subject  to  inspection  by  Air  Products 
Inspector  or  delegated  representative* 

11*  Delivery  Address 

11*1  Vessel  shall  be  aelivered  as  requested  on  a*P*L  purcliase 
order* 

12*  Sub  Orders 


12*1  Two  copies  of  all  sub-orders  (unpriced)  shall  be  submitted 
to  AoP*L  for  expediting  purposes* 
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13. 


Records 


\ 


A 


13®  1 -i^he  vessel  fabricator  shall  furnish  3 copies  of  pressure 
vessel  record  tnat  snail  declare  full  particulars  of  the 
vessel  and  shall  report  the  results  of  all  tests  on  the 
materials  of  construction  on  the  soundness  of  the 
workmanship  and  on  the  completed  vessel,  to  establish 
its  suitability  to  withstand  the  design  conditions, 
together  with  all  tests  and  rectifications*  The  report 
coi  stituting  the  record  shall  be  certified  by  the  Chief 
Inspector  of  the  Fabricator  or  his  sub-contractor,  and 
be  signed  by  the  Approval  Authority  and  the  Purchaser’s 
Kepresentative  who  witness  the  acceptance  tests*  The 
oiig  nal  and  copies  of  the  vessel  record  shall  be  maintained 
at  the  Fabricators  Works* 

In  addition,  copies  shall  be  provided  as  required  by  the 
Hpproval  Authority* 


13® 2 The  minimum  documentation  for  pressure  vessel  dossier  is 
as  follows: 

13*2*1  Fissure  Vessel  Certificate*  giving  the  following 
information: - 


(a)  Manufacturers  name 

(b)  iioPoL  Project  and  Jection  No* 

(c)  *“ioPcL  Purcliase  Order  No* 

(d)  Vesool  Serial  Mo* 

(e)  Construction  Code 

(f)  Approval  Authority 

( g)  Operating  Temperature  and  Pressure 

(h)  Design  Temperature  and  Pressure 

(j)  Test  Pressures  and  Dates 

(k)  Corrosion  Allows  ace 

The  vessel  information  g,h,j,k  above  must  be  given 
for  each  cuamber  of  the  vessel* 

The  pressure  vessel  certificate  must  be  signea  and 
stamped  by  the  Approval  Authority’s  Representative* 

13®2*2  Material  Identification  Sketch*  showing  cast 

numbers  for  all  pressure  and  strength  components 
of  the  vessel  and  for  all  the  material  directly 
welded  to  such  parts*  The  sketch  must  be  signed 
and  stamped  by  the  approval  Authority’s 
Representative  and  the  Manufacturer’s  Senior  Inspector* 
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13. 2.5  Material  Test  Certificates,  giving  chemical  and 
physical  propeities  of  all  material  noted  on  the 
material  Identification  Sketch.  These  test 
certificates  must  be  issued  by  the  Material 
Manufacturer  or  may  be  certificates  indicating 
the  results  of  test  carried  out  in  the  presence 
of  the  Approval  Author! tyo 

13«2o4  Welders  ^qualifications ^ in  accordance  with  the 
relevant  code  and  giving  all  results  of  tests 
performed,  and  test  dates*,  Welders  qualifications 
must  be  signed  and  stamped  by  the  Approval  Authority 
Hepresentative, 

13»2o5  Hadiograph  Sketch,  which  must  show  the  extent  of 
radiography  which  must  indicate  the  film  numbers 
and  show  the  positions  at  which  films  were  taken. 

13.2.6  kadiograph  Assessment,  giving  the  results  of  all 
the  films  noted  on  the  radiograph  sketch  and 
giving  a final  classification  in  accordance  with 
the  relevant  code*  nil  repair  details  must  be 
noted  on  tne  assessment. 


13o2*7  Heat  Treatment  Certificates,  which  must  indicate 
the  part  subjected  to  heat  treatment,  the  purpose 
of  the  treatment  and  must  be  accompanied  by  the 
actual  furnace  time/ temperature  chart.  The  chart 
and  the  certificate  must  be  signed  by  the  Approval 
Authority’s  Hepresentative. 

13.2.8  Drawings , each  dossier  supplied  to  the  purchaser 
must  include  a general  arrangement  drawing  which 
contains  sufficient  information  to  enable  the 
dossier  documentation  to  be  checked. 

13o2o9  Cleanliness  Certificate,  a document,  signed  by 

the  manufacturer’s  Senior  Inspector  and  countersigned 
by  the  Air  Products  Limited  Insp3Ctor  must  show 
that  the  cleanliness  of  the  vessel  complies  with 
Clause  8.1® 


13,3  The  manufacturer  shall  maintain  the  records  through  all 

stages  of  manufacture  and  sha31  make  the  various  documents 
available  to  the  Purchaser’s  Inspector  and  the  Approval 
Authority’s  Representative  on  request. 

13o4  Three  copies  of  the  vessel  dossier  shall  be  sent  toi- 


Lxpediting  Manager, 

Air  Products  Limited, 
Coombe  House, 

Malden  Road, 
New  Malden, 
Surrey. 
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Specification  for  Oxygen  Service  Pressure  Vessel  Fabrication. 


1 . puuposi: 


2o 


1.1  This  opecification,  together  with  the  relevant  process 
design  information^  covers  the  requirements  for  the 
design,  materials,  fabrication,  inspection,  testing, 
cleaning,  painting  and  shipment  of  oxygen  service  pressure 
vessels  designed  and  fabricated  by  the  Vendor. 

102  The  related  Specifications,  Standards  and  Codes  shall  be 
the  latest  issues  and  shall  include  all  addenda,  revisions 
and  supplements o 

103  all  conflicts  between  the  requirements  of  this  specification 
the  standards  and  codes  shall  be  referred  to  Air  Products 
Ltdo , hereinafter  called  tiie  Purchaser,  for  clarification 

or  modification  before  quotation,  or  in  the  event  of  an 
order  before  work  proceeds. 

DESIGN 


2o1  The  pressure  vessel  shall  be  designed  fully  in  accordance 

with  the  latest  requirements  of  Division  1 , or  an  alternative 
code  as  agreed  with  Air  Products  Limited,  at  tine  of  bid, 
except  where  specified  otherwise  on  the  Process  Data  sheet, 
anchor  Purchase  Requisition,  then  it  shall  meet  the  latest 
Code  requirements  of  the  National  Pressure  Vessel  Authority 
of  the  country  of  destination  as  specified.  The  relevant 
code  must  be  clearly  indicated  on  the  drawings  and 
documents. 

2o2«  The  design  of  the  vessel  shall  be  approved  by  the 

Independent  Approval  authority.  It  will  be  the  Vendor's 
responsibility  to  secure  Approval  Authorities  approval  of 
the  design  fabrication  and  testing  at  Vendor's  cost. 

2o3  Design  conditions  are  as  stated  on  the  appropriate  process 
specification  bid  sketch  or  data  sheet. 

3.  MkTLKIhL6 


3®1  The  Vendor  siiall  specify  clearly  in  his  tender  and  on  the 
production  drawings  the  specification,  grade,  class  and 
temper  to  which  each  material  stoll  conform. 

3o2  Heterials  for  construction  shall  subject  to  approval  by 
the  appointed  representative  of  the  Approval  Authority. 

3«3  Test  Certificates  will  be  required  for  all  pressure  part 
meterails  and  permanent  attachments  giving  full  chemical 
analysis  and  physical  properties  in  accordance  with  the 
relevant  code. 

4o  dhawing;:> 


4o1  The  Vendor  shall  submit  with  his  quotation  sufficient 

information  to  enable  the  Purchaser  to  assess  the  merits  of 
the  proposed  design. 
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4,2  All  documents  must  be  identified  by  the  customers  Project 
number,  equipment  item  number  and  purchase  order  numuers; 
and  on  drawings  Vendor's  title,  drawing  and  revision 
numbers;  all  preferably  in  the  lower  right  hand  corner. 
Where  practical  a 5’*  x 4”  blank  space  shall  be  allowed 
near  this  title  block  for  Purchaser's  use. 


4oJ  The  selected  Vendor  shall  submit  within  three  (J)  weeks  of 
receipt  of  order  or  as  required  by  Air  Products  drawing 
register  six  (6)  copies  or  one  reproducible  of  general 
arrangement  and  detail  drawings  for  review  by  the  Purchasero 

4«4  The  Vendor  shall  submit  to  the  Purchaser  within  five  (5) 
weeks  of  receipt  of  order  or  as  required  by  Air  Products 
drawing  register  three  (3)  copies  of  dimensioned  drawing 
snowing  snipping  package,  including  all  lifting  points, 

4,5  All  detail  and  assembly  shall  be  fully  dimensioned  in 
metric  units. 


4.6  The  drawings  snail  be  fully  dimensioned  and  give  the  fol- 
lowing information  as  a minimum; - 

4,6,1  Air  Products  Ltd.,  Piirchase  Order  Number 

4,6o2  Air  Products  Ltd. , Project  and  iSection  Number. 


4o6o3  Design  Code, 

4.6o4  approval  Authority 

4.6.5  Design  Pressure 

4.6.6  Minimum  and  Maximum  Design  Temperature 

4.6.7  Maximum  allowable  operating  pressure,  corroded 
condition. 


4.6.8  Normal  Operating  Pressure, 

4.6.9  Normal  Operating  Temperature. 

4.6.10  Test  Pressure  and  Medium 


4,6,11  Leak  Test  Pressure 


4.6.12  Corrosion  Allowance 

4.6.13  Thiclaiess  of  all  pressure  parts, 

4.6. 14  All  dimensions  necessary  for  calculation  of 
thickness. 


4.6.15  Gleaning  processes  intex'nal  and  external 

4.6. 16  Specifications  for  all  materials  including  wled  and 
brazing  alloy  material. 


F.912 


A I ^nT^ot/uc^ 


ENGINEEFHNG 

SPECIFICATION 


No.  Co 04 

PAGE  3 CONT.  ON  ^ 
REV  2 


TITLE  Specification  for  Oxygen  iiervic©  Pressure  Vessel  Fabrication 


4o6ol?  Extent  of  hadiography,  and  post  weld  treatment. 

4.6.18  Welding  technxques  and  preparations. 

4o6o19  Maximum  permissible  loads  due  to  piping  on  each 
nozzle. 


4.7 


4.8 


4.6.20  Internal  Volume  of  each  stream. 

After  drawings  submitted  have  been  reviewed  by  the  Purchaser 
and  the  Approval  Authority,  and  they  are  accepted  as  satis- 
factory, the  Purchaser  will  return  one  copy  of  the  drawings  sent 
to  them  by  the  Vendor  for  clearance  stamped  'NOTED*.  It  will 
be  the  Vendors  responsibility  to  secure  the  Approval  Authori- 
ties approval  of  the  drawings. 


One  reproducible  copy  of  certified  correct  general  arrangement 
and  detail  drawings  shall  be  submitted  to  A.P.L.  by  the  Vendor 
within  7 days  of  receiving  full  design  clearance. 

Deviations  from  the  certified  drawings  and/or  specifications 
shall  not  be  permissible  except  when  prior  clearance  has  been 
obtained  from  the  Purchaser  and  Approval  Authority.  Duch 
clearance  does  not  relieve  the  Vendor  of  any  responsibility 
for  tue  soundness  of  work,  completing  the  work  in  scheduled 
time,  nor  does  it  commit  the  Purchaser  to  accept  any  increase 
in  costs. 


5*  FABRICATION  AND  WOKKMANSHIP 


5.1 


iJabrication  shall  be  fully  in  accordance  with  the  requirements 
of  tne  relevant  pressure  vessel  code,  the  appointed  approval 
authority  and  in  accordance  with  the  certified  drawings. 
Clearance  from  the  Approval  Authority  and  a.P.  Ltd. , must  be 
obtained  before  manufacture  of  the  vessel  commences. 


5*2  Records  of  test  plates  and  production  welds,  including 

radiographs  shall  be  kept  and  made  available  to  the  Purchaser 
on  request. 

5.5  Unless  previously  qualified  to  the  requirements  of  the  relevant 

A Pressure  Vessel  >>ode  Authority,  the  welders  and  automatic  welding 

equipment  shall  qualify  in  accordance  with  the  Code  on  test 
plates  representing  each  type  of  weld  and  material  to  be  used 
before  proceeding  on  production  welding. 

5.4  Quality  of  welding  shall  be  judged  and  radiographs  interpreted 
in  accordance  with  the  requirements  of  the  Purchaser's  Quality 
Control  iitandards  or  as  agreed  with  the  Vendor  and  the  Approval 
Authority,  Details  of  such  agreement  must  be  forwarded  to  the 
Purchaser  for  review  before  manufacture  commences. 
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6.  IN;:3Pi!X;TING  AND  TESTING 

A6o1  Inspection  and  testing  shall  be  in  accordance  with  the 

requirements  of  Air  Products  or  their  appointed  approval 
authority  and  in  accordance  with  the  relevant  drawings,  code 
and  approval  /iuthorities  requirementso 

6o2  The  approval  Authority  and  Air  Product’s  Inspection  iiingineer 

shall  have  free  access  to  the  Vendor’s  Works  at  all  reasonable 
times  after  placement  of  order  and  until  delivery  of  com- 
pleted vessel.  They  snail  be  at  liberty  at  any  stage  of  the 
manufacture  to  inspect  and  reject  any  defective  material  that 
does  not  conform  to  the  specxiication  stated  on  the  certified 
raanuf ac  turing  drawings  o 

6,3  dost  of  all  Inspection  Tests  and  Certificates  Siiall  be  borne 
by  tae  Vendoro 


Un  completion  of  fabrication  the  vessel  shall  be  subject  to 
strength  test  to  the  pressure  stated  on  the  relevant  drawing 
and  code^  All  welds  shall  be  examined  for  leakage  and  no 
leakage  is  permitted*  This  test  is  to  be  carried  out  in  the 
presence  of  tiie  Approval  Authority  and  AoP*  Ltd*  , Inspector* 
No  final  inspection  tests  are  to  take  place  before  all  the 
material  certificates,  and  the  results  of  any  tests  or  re- 
quirements of  tae  Approval  Authority,  are  available* 


6*5  The  fabricator  must  provide  all  the  necessary  materials  and 
equipment,  including,  closure^,  gaskets  and  test  bolts  for 

A the  pressure  test.  Under  no  circumstances  may  the  test  bolts 

and  gaskets  be  delivered  with  the  finished  vessel,  where  the 
bolts  have  exceeded  the  design  yield  stress  or  0.19  proof 
stress  during  pressure  testing* 


6.6  iifter  carrying  out  the  pressure  testing,  all  welds  shall  be 
examined  for  gas  leakage  using  air  at  the  design  pressure. 
Detection  shall  be  by  means  of  detergent  solution.  No 
leakage  sliall  be  permitted.  On  completion  of  the  test  all 
traces  of  the  detergent  shall  be  removed. 


6o7  The  vessel  shall  not  be  despatched  prior  to  final  acceptance 
by  the  Purchaser  or  before  manufacturing  approval  has  been 
obtained  from  the  relevant  approval  authority. 


7.  NAMiiJ^LATE 

7.1  A suitable  nameplate  shall  be  provided  by  the  Vendor  and 

permanently  fitted  to  the  vessel.  On  satisfactory  completion 
of  tests,  tne  nameplate  shall  be  stamped  by  the  Approval 
authority.  Information  contained  on  the  nameplate  shall  be 
as  follows 


a)  Makers  name  and  number 

b)  Drawing  number  and  Design  Code 

c)  Design  Pressure 
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d)  Maximum  allowable  work  pressure* 

•)  Hydraulic  test  pressure  and  date  of  test* 

f)  Maximum  and  minimum  allowable  temperature® 

g)  Manufacturers  test  mark® 

h)  Approval  Authority  test  mark® 

j)  Date  of  Purveyor *s  acceptance  test* 

8®  CLEANING 

8®1  All  internal  vessel  surfaces  shall  be  free  from  oil,  loose 
particles  and  other  foreign  matter  fully  in  accordance  with 
Air  Products  Specification  Ho®  a, 03®  Cleanliness  acceptance 
standards  for  Class  AA  oxygen  service  cleanliness. 

9.  EXTERNAL  PAINTING 

9®1  All  carbon  and  low  alloy  steel  fabricated  pressure  vessels 

shall  be  descaled  by  shot  blasting  and  finished  painted  by  a 
four  coat  system,  one  primer,  one  undercoat  and  two  top  coats 
to  vendors  own  specification  which  should  not  be  less  than 
Bo 6.  Code  of  Practices  231o  The  top  coat  colour  scheme  shall 
be  as  specified  on  the  attached  bid  sketch  or  a purchase 
order. 

lOo  PREPARATION  FOR  SHIPMENT 

The  relevant  vessel  project  and  section  numbers,  to  be  painted 
on  the  outside  of  the  vessel  in  4'*  higli  letters  and  numerals 
and  nozzle  streeuns  to  have  identification  marks  painted  thereon® 
A 1"  wide  X 12”  long  line  shall  be  painted  on  the  North  side 
of  the  vessel® 

The  vessel  must  be  pressurised  as  stated  in  the  Cleaning 
specification  Ao03  and  the  vessel  ruitably  protected  for  road 
and/or  rail  transport®  The  vessel  shall  convey  a notice 
that  it  is  under  pressure  during  shipment® 

All  costs  of  preparation  for  shipment  are  to  be  borne  by  the 
Vendor® 

Packing  will  be  subject  to  inspection  by  Air  Products 
Inspector  or  Delegated  Representative® 

11®  DELIVERY  ADDRESS 

llol  Vessel  shall  be  delivered  as  requested  on  A®PoL®  Purchase 
Order. 

12®  SUB  ORDERS 


A 10-1 

A 

10®  2 

10®  3 
10.4 


12 ol  Two  copies  of  all  sub— orders  (unpriced)  shall  be  submitted 

to  AoPoL®  for  expediting  purposes® 
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13«1  The  vessel  fabricator  siiall  furnish  3 copies  of  pressure 

vessel  record  that  snail  declare  full  particulars  of  the  vessel 
and  shall  report  the  results  of  all  tests  on  the  materieuLs 
of  construction  on  the  soundness  of  the  workmanship  and  on  the 
completed  vessel,  to  establish  its  suitability  to  withstand 
the  design  conditions,  together  with  all  tests  and  rectifica- 
tions. The  report  constituting  the  record  shall  be  certified 
by  the  Chief  Inspector  of  the  fabricator  or  his  sub-contractor, 
and  be  signed  by  the  approval  Authority  and  the  Purchaser's 
Representative  wno  witness  tne  acceptance  tests.  The  original 
and  copies  of  the  vessel  record  shall  be  maintained  at  tne 
fabricators  Works o 

In  addition,  copies  shall  be  provided  as  required  by  the 
approval  authorityo 

13*2  The  minimum  documentation  for  a pressure  vessel  dossier  is  as 
follows: - 

13.2,1  Pressure  Vessel  Certificate,  givinr^  tiie  following 
infonnation:  - 

‘ o'.ur‘'r::  na'^e 

i'l'Ojec^  .uiU  ^ -ion 

c)  Order  numlev 

i,  Vesnel  nunbcr, 

e)  Construction  Code 

f)  Approval  Authority 

g)  Operating  temperature  and  pressure 

h)  Oesign  temperature  and  pressure 

i)  Test  pressures  and  dates. 

j)  Corrosion  allowance 

The  vessel  information  g,  h,  i,  j,  above  must  be 
given  for  each  cnaraber  of  the  vessel. 

The  pressure  vessel  certificate  must  be  signed  and 
stamped  by  the  approval  Authority's  x-iepresentative, 

13 *2. 2 Haterial  Identification  Sketch,  showing  cast  numbers 

for  all  pressure  and  strengtn  components  of  the  vessel 
and  for  all  material  directly  welded  to  such  parts® 

The  sketch  must  be  signed  and  stamped  by  the  approval 
Authority's  Representative  and  the  Manufacturer's 
oenior  Inspector® 

13*2,3  Material  Test  Certificates,  giving  chemical  and 
physical  properties  of  all  material  noted  on  the 
Material  Identii ication  sketch®  These  test  certi- 
ficates must  be  issued  by  the  Material  Manufacturer 
or  may  be  certificates  indicating  the  results  of 
tests  carx'ied  out  in  the  presence  of  the  approval 
Authority* 
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13.2.4 


13.2o5 


13.2.6 


13.2.7 


A 

A 


13*2.8 


13.2.9 


13.2.10 


Welders  Qualifications ^ in  accordance  with  the 
relevant  code  and  giving  all  results  of  tests  per- 
formed and  test  dates.  Welders  qualifications  must 
be  signed  and  stamped  by  the  Approval  Authority 
■Representative . 

Radiograph  Sketch,  which  must  show  the  extent  of 
radiography  which  must  indicate  the  film  numbers  and 
show  positions  at  which  films  were  taken. 

Radiograph  Assessment,  giving  the  results  of  all  the 
films  noted  on  tne  radiograph  sketch  and  giving  a 
final  classification  in  accordance  with  the  relevant 
code.  h11  repair  details  must  be  noted  on  the 
assessment* 

Heat  Treatment  Certificates,  which  must  indicate  the 
part  subjected  to  heat  treatment,  the  pui*pose  of  the 
treatment  and  must  be  accompanied  by  the  actual 
furnace  time/ temperature  chart.  The  chart  and  the 
certificate  must  be  signed  by  the  Approval  Authority’s 
Representative. 

Drawings  * each  dossier  supplied  to  the  purchaser 
must  include  a general  arrangement  drawing  which 
contains  sufficient  information  to  enable  the  dossier 
documentation  to  be  checked. 

Design  Calculations,  each  dossier  supplied  to  the 
Purchaser  must  include  a full  set  of  calculations  of 
the  scantlings  of  the  pressure  vessel  to  the  relevant 
codeo 

Cleanliness  Certix^icateo  A document,  signed  by  the 
manufacturer’s  Senior  Inspector  and  countersigned 
by  the  Air  Products  Limited  Inspector  must  show  tiiat 
the  cleanliness  of  the  vessel  complies  with  Clause 
8.1. 


13® 3 The  manufacturer  shall  maintain  the  records  through  all 

stages  of  manufacture  and  shall  make  the  various  documents 
available  to  the  Purchaser’s  Inspector  and  the  Approval 
Authority’s  Representative  on  request. 

13*^  Three  copies  of  the  vessel  dossier  shall  be  sent  to:- 

Dxpediting  Manager, 

Air  Products  Ltd. , 

Coombe  House, 

Sto  Georges  Sqo , 

New  Malden, 

Surrey. 
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Braced  Core  Extended  Lurface  Exchanffers. 

1. 

PUiiPOSE 

This  specification  states  Air  Products  Ltd.'s  requirements  for  the 
design,  materials,  fabrication,  inspection,  testing,  cleaning  and 
shipment  of  the  pressure  vessel  for  an  extended  surface  heat 
exchanger. 

2.  GENERAL 


This  specification  should  be  read  in  conjunction  with  the 
relevant  requisition  and  data  sheet. 

All  conflicts  between  the  requirements  of  this  specification, 
and  the  requisition  and  data  sheet,  the  standards  and  codes 
shall  be  referred  to  air  Products  Limited.,  hereinafter 
called  the  Purchaser,  for  clarification  or  modification 
before  quotation  or  in  the  event  of  an  order  before  work 
proceeds. 


3.  DESIGN 


3.1 


The  vessel  shall  be  designed  in  accordance  with  the  latest 
requirements  of  the  h.E.M.E.  VIII  division  I,  except  where 
specified  otherwise  on  the  Process  Data  Dheet  and/or  Purchase 
Requisition,  then  it  shall  meet  the  latest  Code  requirements 
of  the  National  Pressure  Vessel  Authority  of  the  country  of 
destination  as  specified.  The  relevant  code  must  be  clearly 
indicated  on  the  drawings  and  documents. 


The  design  of  the  vessel  shall  be  reviewed  by  Air  Products 
Ltd,  and  approved  by  the  Independent  Approval  Authority 
specified  or  National  Pressure  Vessel  Authority  as  relevant. 

It  will  be  the  Vendor's  responsibility  to  secure  the  Approval 
Authorities  approval  of  the  design  fabrication  and  testing. 

Design  conditions  as  stated  on  appropriate  process  data  sheet. 

Where  dummy  passages  are  provided  on  the  exchanger,  these 
shall  be  positively  sealed  as  agreed  with  Air  ^^roducts  Ltd. 
in  order  to  prevent  ingress  of  moisture  or  foreign  matter. 

4.  MATERIALS 

4,1  The  Vendor  shall  specify  clearly  in  his  tender  or  the 

production  drawings  the  specification,  grade,  class  and 
temper  to  which  each  material  shall  conform. 
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4.2  Materials  for  construction  shall  be  subject  to  approval  by  the 
appointed  Representative  of  the  Approval  Authority. 

4.3  Test  Certificates  will  be  required  for  all  pressure  part 
materials  and  permanent  attachments  giving  full  chemical 
analysis  and  physical  properties  in  accordance  with  the 
relevant  code. 


5.  DRAWINGS 


5.1 

5.2 

5.5 


A 


The  Vendor  shall  submit  with  his  quotation  sufficient 
information  to  enable  the  Purchaser  to  assess  the  merits 
of  the  proposed  design. 

All  documents  must  show  equipment  item  number  and  purchase 
order  numbers;  all  preferably  in  the  lower  right  hand 
corner.  Where  practical  a 3”  x 4"  blank  space  shall  be 
allowed  near  the  title  block  for  Purchaser's  use. 

The  Vendor  shall  submit  to  Air  Products  Ltd.  within  5 (five) 
weeks  of  receipt  of  order  or  as  required  by  the  drawing 
register  3 (three)  copies  of  dimension  drawings  showing 
shipping  package,  including  all  lifting  points. 

The  Vendor  shallsubmit  2 (two)  copies  of  sketches  giving 
block  sizes  and  manifold  sizes  and  positions,  ^d  preferred 
support  locations  within  2 (two)  weeks  of  receipt  of  order 
or  as  required  by  the  drawing  register  followed  by  6 Csixy 
copies  of  general  arrangement  and  detail  drawings  for  review  by 
Air  Products  Ltd.  within  5 (five)  weeks  of  receipt  of  order 
or  as  required  by  the  drawing  register.  The  Vendor  is 
responsible  for  submission  of  drawings  to  and  obtaining 
approval  from  the  Approval  Authority. 

All  detail  assembly  drawings  shall  be  fully  dimensioned  in 
metric  units. 


5,6  The  drawings  shall  be  fully  dimensioned  and  giving  the 
following  information  as  a minimum: - 


(a)  Design  Code. 

(b)  Design  Pressure. 

(c)  Minimum  and  Maximum  Design  Temperature. 

(d)  Nonnal  Operating  Pressure. 

(e)  Normal  Operating  Temperature. 

(f)  Test  Pressure  and  Medium. 
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(g)  Inspection  authority, 

(h)  Gleaning  process  internal  and  external, 

(j)  Specifications  for  all  Materials. 

(k)  Extent  of  Hadiography. 

(l)  Operating  and  »^hipping  Weights, 

(m)  Maximum  permissible  loads  and  moments  due  to  piping  on 
each  nozzle. 

After  drawings  submitted  have  been  reviewed  by  the  Purchaser 
and  they  are  accepted  as  satisfactory,  the  Purchaser  will 
return  one  copy  of  the  drawings  sent  to  them  by  the  Vendor 
for  clearance  marked  ’RIOTED**.  It  will  be  the  Vendor's 
responsibility  to  secure  the  authorities  approval  of  the 
drawings • 

One  reproducible  copy  of  certified  correct  general  arrangement 
and  detail  drawings  shall  be  submitted  to  Air  Products  Ltd.  by 
the  Vendor  within  7 days  of  receiving  full  design  clearance. 

Deviations  from  the  certified  drawings  and/or  specifications 
shall  not  be  oermissible  except  when  prior  clearance  has  been 
obtained  from  the  Purchaser  and  -approval  ^^uthority,  Euch 
clearance  does  not  relieve  the  Vendor  of  any  responsibility 
for  the  soundness  of  work,  completing  the  work  in  scheduled 
time,  nor  does  it  commit  the  Purciiaser  to  accept  any  increase 
in  costs. 


6.  FABHIGaTION  8c  WCAKiUNoHIP 


6.1 


6.2 


6.3 


Fabrication  shall  be  fully  in  accordance  with  the  relevant 
pressure  vessel  code  in  accordance  with  the  certified  drawings 
and  shall  be  carried  out  to  the  satisfaction  of  the  Approval 
Author!  ty 

kecords  of  test  plates  and  production  welds,  including 
radiographs  shall  be  kept  and  made  available  to  the  Purchaser 
on  request. 

Unless  qualified  to  the  requirements  of  the  relevant  pressure 
vessel  code  authority  the  welders  and  automatic  welding 
equipment  shall  qualify  in  accordance  with  the  code  on  test 
plates  representing  each  type  of  weld  and  material  to  be  used 
before  proceeding  on  production  welding, 

i^uality  of  welding  shall  be  judged  and  radiographs  interpreted 
in  Accordance  with  the  Purcliaser  s v^uality  C ontrol  Standards 
or  as  agreed  with  the  Vendor's  and  the  Approval  Authority. 
Details  of  such  agreement  must  be  forwarded  to  the  Purchaser  for 
review  before  manufacture  is  commenced. 
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7. 


4 


INSPECTING  AND  Tj::BTING. 

7.1  Inspection  and  testing  sh..ll  be  to  the  requirements  of  the 
relevant  pressure  vessel  code  authority  and  in  accordance 
with  the  relevant  drawings. 

Cost  of  all  Inspection  tests  and  Certificates  shall  be  borne 
by  the  Vendor. 

7.2  The  Approval  authority  and/or  the  Purchaser's  Inspection 
Engineer  sliall  have  free  access  to  the  Vendor  s works  at  all 
reasonable  times  after  placement  or  order  and  until  delivery 
of  completed  vessel. 

7.3  The  Approval  Authority  and/or  the  Purchaser's  Inspection 
Engineer  shall  be  at  liberty  at  any  stage  of  the  manufacture 
to  inspect  and  reject  any  defective  material  or  material 
that  does  not  conform  to  the  specification  stated  on  the 
certified  manufacturing  drawings. 

7.4  On  completion  of  fabrication  each  stream  of  the  exchanger 
shall  be  subject  to  a separate  strength  test  with  other  streams 
unpressurised  to  the  pressures  stated  on  the  relevant  drawings 
and  code.  These  tests  are  to  be  carried  out  in  the  presence 

of  the  Approval  iiuthority  and  Air  Products  Ltd.  Inspector.  No 
final  inspection  tests  are  to  take  place  before  all  the 
material  certificates,  and  the  results  of  any  tests  or 
requirements  of  the  Approval  Authority,  are  available. 

7.5:  The  fabricator  must  provide  all  the  necessary  materials  and 

equipment,  including,  closures,  gaskets  and  test i; bolts  for  the 
pressure  test.  Under  no  circumstances  may  the  test  bolts  and 
gaskets  be  delivered  with  the  finished  vessel. 

7.6  After  carrying  out  the  pressure  testing,  all  welds  shall  be 
examined  for  gas  leakage  using  air  at  the  design  pressure. 
Detection  shall  be  by  means  of  detergent  solution.  No 
leakage  shall  be  permitted.  On  completion  of  the  test  all 
traces  of  the  detergent  shall  be  removed. 

7 7 Reversing  streams  of  all  Reversing  Heat  Exchangers  and 

parallel  streams  of  multiple  cores  where  specified  on  the 
Process  Data  -heet  sliall  be  flow  tested  in  the  presence  of 
Air  Products  Ltd.  Inspector  or  authorised  Representative  and 
all  results  logged  and  compared  with  the  requirements  stated 
in  the  requisition  or  data  sheets.  Where  flow  tests  are 
required  no  exclianger  shall  be  despatched  until  the  flow 
results  are  acceptable  to  jiir  Products  Ltd. 
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8*  NAMEPLATE 

8,1  A suitable  nameplate  shall  be  provided  by  the  Vendor  and 

permanently  fitted  to  the  vessel*  On  satisfactory  completion 
of  tests,  the  nameplate  shall  be  stamped  by  the  Approval 
Authority*  Information  contained  on  the  nameplate  shall  be 
as  follows 


(a)  Makers  name  and  Number. 

(b)  Drawing  number  and  design  code. 

(c)  Working  pressure. 

(d)  Design  pressure, 

(e)  Maximum  allowable  working  pressure. 

(f)  Hydraulic  test  pressure. 

(g)  Maximum  and  minimum  permissible  temperatures. 

(h)  Pneumatic  test  pressure. 

(j)  Manufacturers  test  mark. 

(k)  Approval  Authority  Test  mark. 

(l)  Date  of  Purveyors  acceptance  test. 

9.  CLEANING 

All  vessel  elements  shall  be  solvent  washed  before  assemble 
for  brazing  or  before  welding  to  the  vessel* 

9.2  Unless  pressure  tested  by  air  from  a NON  Oil  lubricated 

compressor  or  by  clean  oil  free  nitrogen,  all  passages  of  the 
vessel  shall  be  hydrocarbon  decontaminated,  using  vapour  or 
solvent  circulation  methods.  If  the  unit  is  pressure  tested 
by  air  from  non  oil  lubricated  compressor  or  by  pure  oil  free 
nitrogen  then  pure  oxygen  and  crude  oxygen  passages  only  need 
be  decontaminated  using  vapour  or  solvent  circulated  method. 

9»3  Vendor  shall  quote  separately  price  for  Hydrocarbon 

decontamination.  He  shall  specify  procedure,  cleaning  media, 
the  stages  of  assembly  at  which  cleaning  is  carried  out  and 
the  state  the  acceptance  standard  he  proposes  to  use  if  it  is 
other  than  as  follows:- 

Crude  Oxygen,  Pure  Oxygen, and  Oxygen  Rich  (25%  and  over) 
circuits  as  specified  to  Class  AA  Cleanliness  Acceptance 
Test.  (Dee  Dpecification  No.  A.  03)  other  circuits  to  Class 
A Cleanliness.  (Sec  Specification  No.  A 02). 
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Brazed  Core  iixtended  Surface  Exchangers. 


PiaJARATION  Foa  SHIPMENT 


10.1  The  relevant  exchanger,-  project  and  equipment  item  numbers, 
to  be  nairted  on  the  outside  of  the  vessel  in  4"  high  letters 
and  numerals ' and  nozzles  to  have  stream  identification  marks 
painted  thereon. 

10.2  All  nozzles  sliall  be  blanked  off  for  shipment. 


10.3 

10.4 

10.5 

A 


A transport/erection  jig  shall  be  provided  by  Vendor,  details 
in  paragraph  5®  03  above. 

For  shipment  the  exchanger  shall  be  pressurised  to  15”  w.g. 
minimum  with  dry,  oil-free  air  or  nitrogen  gas  and  suitably 
protected  for  road  and/or  rail  transport.  The  vessel  shall 
carry  a notice  that  it  is  under  pressure  during  shipment.  All 
costs  of  preparations  for  shipment  are  to  be  borne  by  the 
Vendor.  Packing  will  be  subject  to  inspection  by  Air  Products 
Ltd.  Inspector  or  delegated  representative. 

Exchangers  with  exposed  open  passages  are  to  be  fitted  with 
temporary  blank  plates  over  exposed  passages,  and  the  complete 
unit  sealed  in  polythene  sheet,  or  similar,  after  cleaning 
and  prior  to  shipment. 

assemblies  of  reversing  exchangers  shall  be  provided  with 
protective  plalee  over  the  outside  faces  of  the  core  blocks 
for  shipment. 


11.  DELIVERY  ALDREES 

Vessel  shall  be  delivered  as  requested  on  Air  Products  Ltd.  purchase 
order. 


12.  SUB  ORDERS 

Six  copies  of  all  sub— orders  (unpriced)  shall  be  submitted  to  Air 
Products  Ltd.  for  expediting  purposes. 


13.  RECORDS 

13,1  The  vessel  fabricator  shall  furnish  3 copies  of  pressure 
vessel  record  that  shall  declare  full  particulars  of  the 
exchanger  and  shall  report  the  results  of  all  tests  on  the 
materials  of  construction  on  the  soundness  of  the  workmanship 
and  on  the  completed  vessel,  to  establish  its  suitability  to 
withstand  the  design  conditions,  together  with  all  tests  and 
rectifications.  The  report  constituting  the  record  shall  be 
certified  by  the  Chief  Inspector  of  the  Fabricator  or  his 
sub-contractor,  and  be  sxgned  by  the  Approval  Authority  and 
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Brazed  Gore  Extended  *^urface  Kxchangors* 

the  Purchaser’s  Hepresentative  who  witness  the  acceptance 
tests.  The  original  and  copies  of  the  vessel  record  shall 
be  maintained  at  the  Fabricators  Works. 


In  addition  copies  shall  be  provided  as  required  by  the 
Approval  authority. 

The  minimum  documentation  for  a pressure  vessel  dossier  is  as 
follows: - 


"^3o2.1  Pressure  Vessel  Certificate. giving  thr  following 
information; 

(a)  Manufacturer *s  name. 

(b)  A.P.L.  Project  and  Section  Number. 

(c)  A.P.L.  Purcliase  Order  number. 

( d)  Vessel  Serial  number. 

(e)  Construction  Code. 

(f)  Approval  authority. 

(g)  Operating  Temperature  and  Pressure. 

(h)  Design  Temperature  and  Pressure. 

(j)  Test  Pressures  and  Dates. 

(k)  Corrosion  Allowance. 

The  pressure  vessel  certificate  must  be  signed  and 
stamped  by  the  Approval  Authority’s  representative. 

13*^o2  Material  Identification  Sketch,  showing  material 

cast  numbers  for  all  pressure  and  strength  components 
of  the  vessel  and  for  all  material  directly  welded  to 
such  parts.  The  sketch  must  be  signed  and  stamped 
by  the  Approval  Authority’s  representative  and  the 
^^nuf ac txirer * s Senior  Inspector. 

13* 2. 3 Material  “^est  Certificates,  giving  chemical  and 
physical  properties  of  all  material  noted  on  the 
Material  Identification  Sketch.  These  test 
certificates  must  be  issued  by  the  material 
manufacturer  or  may  be  certificates  indicating  the 
results  of  tests  carried  out  in  the  presence  of  the 
Approval  Authority’s  representative. 

13o2o4  Welders  Qualifications,  in  accordance  with  the 
relevant  code  and  giving  all  results  of  tests 
performed,  and  test  datesq  V^elders  qualifications 
must  be  signed  and  stamped  by  the  Approval 
Authority’s  representative. 
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Kadio^i;ru:jh  ^ketcii,  which  must  show  the  extent  of 
radio^^raphy  which  must  indicate  the  filjn  numbers  and 
show  positions  at  which  films  were  taken. 


13.2.6  hadiQfj;rapii  /assessment ^ giving  tue  results  of  all  the 
films  noted  on  the  radiograph  sketch  and  giving  a 
final  classification  in  accordance  with  the  relevant 
code,  nil  repair  details  must  be  noted  on  the 
assessment. 

13.2.7  Boat  Treatment  Certificates,  which  must  indicate  the 
part  subjected  to  heat  treatment,  the  purpose  of  the 
treatment  and  must  be  accompanied  by  tiie  actual 
furnace  tliae/tenperature  charto  The  chart  and  the 
certificate  must  be  signed  by  the  Approval 
Authority's  representative. 


13,2.8  hrav/i ngs , eacn  dossier  supplied  to  the  purchaser 

must  include  a general  arrangement  drawing  which 
contains  sufficient  information  to  enable  the  dossier 
documented tion  to  be  decked. 


13.2.9 


iJesign  Calculations,  each  dossier  supplied  to  the 
i^urchaser  must  include  a full  set  of  calculations  of 
the  scantlings  of  the  pressure  vessel  to  the  relevant 
code. 


13.2.10 

A 


Cleanliness  Certif icates , each  stream  which  is  specified 
as  Class  clean  in  tlie  Process  Bata  ^heet  or  Purchase 
liequisition  shall  have  a cleanliness  certificate,  which 
must  list  tne  stages  at  which  cleaning  was  carried  out, 
method  of  inspection  for  cleanliness ^ and  standard  of 
acceptance  (e.g.  to  iiir  I'roducts  engineering  Bpecification 
Bo,  n03; , i^acn  certificate  must  be  signed  as  accepted 
to  the  cleanliness  standard  by  the  Vendors  senior 
Inspector o 


13.3  Tne  manufacturer  shall  maintain  the  records  through  all 
stages  of  manufacture  and  shall  make  the  various 
documents  available  to  tiie  rurc:iaser's  inspector  and  the 
iipproval  riuthority’s  representative  on  request, 

13. A Tnree  copies  of  the  Vessel  dossier  shall  be  sent  to:- 


Bxpediting  Manager, 
ivir  Products  Ltd.  , 
Ooombe  House , 
Malden  hoad^ 

IluJ  h/vLBBN, 
ourrey. 
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1.  GENERAL 

1*1  Thia  specification,  together  with  the  relevant  prooeaa  deaign 
information,  covera  the  requirementa  for  the  deaign,  materiala 
fabrication,  inapection,  teating  cleaning,  painting  and  ahipment 
of  ahell  and  tube  coolers  designed  by  the  Vendor. 

1.2  The  related  ^ecifioations,  standards  and  oodas  ahall  be  the 
latest  issue#  and  shall  include  all  addenda,  revisions  and 
supplements. 

1.3  All  conflicts  between  the  requirements  of  this  spscifioation, 
the  atandarda  and  codes  shall  be  referred  to  Air  Products 
Limited,  for  clarification  or  modification  before  qiiotation, 
or  in  the  event  of  an  order  before  work  proceeds. 

1.4  The  Vendor  shall  submit  with  his  quotation! 

Sufficient  information  to  enab^li  Air  Products  to  assess 
the  merits  of  the  proposed  design,  including  type 
designation,  heat  transfer  surface  area,  tube  sine  and 
pitch,  baffle  cut  and  spacing,  tube  pass  arrangement, 
and  a preliminary  outline  dirawing  giving  connection 
positions,  overall  dimensions  and  weights.  Refer  to 
attachments  listed  on  requisitions  for  design  data. 

1.4.2  A list  of  any  departures  from  thia  specification. 

1.4.3  A list  of  spares  required  for:» 

a)  Testing  and  initial  operation. 

b)  Operational  spares  for  12  months. 

o)  A spare  bundle  and  other  relevant  spares. 

tfhe  list  of  spares  to  be  accompanied  by  eufflclent 
literature  to  enable  the  parts  to  be  identified. 

1.5  A copy  of  all  sub  orders  (unpriced)  shall  be  submitted  to  A^ 
for  ej^edlting  purposes. 

2.  J>ESIQN 


Heat  exchangers  shall  be  designed  to  HBNAaiG  standards,  the 
latest  requirements  of  the  ASHE  Seotion  VIII  Division  I,  Pressure 
Vessel  Code,  or  an  alternative  code  as  agreed  with  Air  Products 
Limited  at  time  of  bid,  except  where  specified  otherwise  on  the 
Process  Data  Sheet  anVor  Purchase  Requisition,  then  it 
meet  the  latest  code  requirements  of  the  National  Pressure 
Vessel  Authority  of  the  county  of  destination  as  specified. 

The  design  conditions  are  as  stated  on  the  appropriate  process 
specification,  bid  sketch,  or  data  sheet.  The  relevant  codes  must 
be  clearly  indicated  on  the  drawings  documents. 
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2o2  The  arrangement  shall  be  preference  be  of  the  horiz^^ntal  shell 
fimd  tube  type  with  removable  tube  bundle,  removable  channel  and 
shell  coverso 

2«3  The  design  of  the  Vessel  shall  be  reviewed  by  Air  Products 

Limited  and  approved  by  the  Independent  Inspecting  Authority 
.nominated  on  the  requisition  before  manufa^q tuning  proceeds.  It 
will  be  the  Vendors  responsibility  to  secure  the  Inspection 
Authority’’ 8 approval  of  the  design  fabrication  emd  testing. 

2.4  Where  condensation  is  expected  from  the  process  gas  stream  the 
cooler  shall  be  arranged  to  ensure  that  stagnation  of  the 
condensate  cannot  occur.  Particular  care  must  be  taken  in  the 
case  of  an  air  compressor  cooler  to  safeguard  against  corrosion 
from  air  compressor  condensate,  which  can  be  acidic  up  to  4pH 
due  to  atmoshperic  pollution. 

2.5  Where  galvanic  action  can  take  place  the  Vendor  shall  provide 
protection  by  sacrifical  plates  of  suitable  material,  to  be 
agreed  with  Air  Products. 

2.6  Maximum  pressure  drop  on  the  water  side  of  the  cooler  shall  not 
exceed  10  psi  measured  from  inlet  to  discharge  flemge  unless 
otherwise  specified. 

2.7  At  all  high  or  low  points  not  vented  or  drained  by  the  nozzle 
connections,  1**  N/B  connections  shall  be  provided,  each  fitted 
with  a screwed  plujg. 

2.8  All  connections  larger  than  I'J**  shall  be  flanged.  All 
connections  and  smaller  shall  be  screwed. 

2.9  Rupture  discs  shall  be  provided  in  the  cooler  shell  if  gas  pressure 
in  tubes  exceeds  sh^ll  side  pressure  by  75  psig.  All  rupture 
discs  shall  be  manifolded  by  Vendor. 

2.10  It  shall  be  made  possible  for  the  tube  bundle  to  be  removed  for 
maintenance  or  cleaning,  including  the  provision  of  lifting 
points  on  the  tube  bundle,  if  its  weight  is  over  50  lbs. 

2.11  Vendor  to  include  in  quotation  the  additional  cost  of  providing 
^ extra  tubes  over  and  above  design  to  allow  plugging  for 
maintenance  purposes. 

2.12  The  cooler  shall  be  supplied  complete  with  fabricated  steel 
saddles  or  supports  drilled  at  the  mounting  level  to  meet  the 
bolting  requirements. 

2.13  cooler  shall  have  suitable  lifting  attachments  for  erection 
at  site. 

2ol4  Carbon  and  low  alloy  steel  exchsmgers  shall  have  a corrosion 
allowance  of  on  all  pressure  parts  except  for  tubes  (on 
each  wetted  surface). 
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3.  MATERIALS  OF  CONSTRUCTION 


Materials  given  in  the  following  paragraphs  are  a general  guide  to 
Air  Products  requirements o The  Vendor  is  to  ensure  that  all  materials 
o^fored  are  suitable  for  the  operating  and  design  conditions 
specified  on  the  relevant  design  data  specification, 

3»1  The  Vendor  shall  specify  clearly  in  his  tender  auid  on  the 

production  drawing  the  specification,  grade,  class  and  temper 
to  which  each  material  conforms© 

5® ^ “ Carbon  Steel 

Where  cooling  is  provided  by  the  xise  of  sea  water ^ all  shell 
materials  in  contact  with  the  sea  water  shall  be  protected 
against  corrosion  by  the  use  “sakaphen“  coating  or  equal, 
as  agreed  by  Air  Products  Limited©  The  design  of  the  cooler 
shall  be  such  that  no  sliding  contact  occurs  between  metal 
parts  and  the  coating  provided©  Sacrificial  soft  iron  anodes, 
if  provided,  are  to  be  supplied  in  sizes  amd  position  as 
agreed  with  Air  Products  Limited© 

3*3  Tubes 

These  shall  generally  be  selected  in  accordance  with  the  table 
given  below©  Where  the  process  stream  contains  corrosive 
elements  incompatible  with  the  materials  listed,  vendor  shall 
make  specific  recommendations  for  Air  Products  consideration. 


J^otes  Carbon  steel  tubes  shall  not  be  used© 


Service 

Material 

Fresh  water 
Cooling  tower  circuits 
with  solids  in  suspension 
below  2,000  ppm© 

Brass 

Polluted  fresh  water 

Admiralty  Brass  (with 
Sn  0.04^  AS) 

Brackish  water 
or  polluted  sea  water 

Aluminium  Brass  Cu  76^6  A1 
2/t  AS  0o04{6  remainder  Zn 

Sea  Water 

70/30  Copper  Nickel  Ni  ^236 
Fe  MN  0©83i  remainder  Gu 

Sea  Water  with  sfiind 
and  other  solid 
particles 

Ni  31ili  Fe  256  Mn  2S« 
remainder  Cu, 
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3,4  Tube  Sheets 


Carbon  Steel  tube  sheets  shall  nto  be  used 


1 

Service  Material 


Fresh  water  Brass 

cooling  tower  circuits 

Brackish  water  i Naval  Brass 

polluted  water  60/39/1  Copper  Zinc  Tin 

Sea  water  { 


3«5  The  following  materials  are  specified  for  coolers  with  water  on 
the  shell  sideo 

3o5«l  Baffles  and  Support  Plates  - Naval  Polled  Brass 

3o5o2  Bonnets  - Carbon  steel 

3*5o3  Channel  and  Channel  Cover  - Carbon  steel,  cast 

bronze,  or  cast  iron 

3*6  Materials  for  construction  shall  be  subject  to  approval  by  the 
appointed  Representative  of  the  Approval  Authority® 

3.7  Tebt  Certificates  will  be  required  for  all  pressure  part 

materials  permanent  attachments  giving  full  chemical  analysis  and 
physical  properties  in  accordance  with  the  relevant  code® 

4.  DRAWINGS 

4.1  The  Vendor  shall  submit  with  his  quotation  sufficient  information 
to  enable  Air  Products  Limited  to  assess  the  merits  of  the 
proposed  design® 

4.2  All  dociiments  must  be  identified  by  the  customers  Project  nximber, 
equipment  item  number  and  purchase  order  niunbers,  and  on 
drawings  Vendor's  title,  drawing  and  revision  niunber;  all 
preferably  in  the  lower  right  hand  corner.  Where  pratical  a 

3”  X 4”  blank  space  shall  be  allowed  near  this  title  block  for 
Air  Products  Ltd's  use. 

4.3  The  selected  Vendor  shall  submit  2 copies  of  sketches  giving 
overall  sizea,  nozzle  sizes  and  positions  and  preferred  support 
locations  within  two  (2)  weeks  of  receipt  of  order  or  as  required 
by  Air  Products  drawing  register,  followed  by  six  (6)  copies 

or  one  reproducible  of  general  arrangement  and  detail  drawings 
within  five  (5)  weeks  of  receipt  of  order  or  as  required  by  the 
drawing  register  for  review  by  Air  Products  Ltd.  The  Vendor 
is  responsible  for  submission  of  drawings  to,  and  approval 
from,  the  Approval  Authority. 
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The  Vendor  shall  submit  to  Air  Products  Ltd,  within  five  (5) 
weeks  of  receipt  of  order  or  as  required  by  Air  Products 
drawing  register , three  (3)  copies  of  one  dimensioned  drawing 
showing  shipping  package,  including  all  lifting  points. 

Information  on  the  drawings  must  give  sufficient  dimensions  to 
enable  accurate  location  to  be  made  for  foundation,  bolting 
and  all  nozzle  coxmections. 

All  detail  and  assembly  drawings  shall  be  fully  dimensioned 
in  metric  units. 


The  drawings  shall  be  fully  dimensioned  amd  give  the  following 
information  as  a minimums 

4.6.1  Air  Products  Ltd,  Purchase  Order  Number 

4.6.2  Air  Products  Ltd,  Project  and  Section  Number 

4.6.3  Design  Code 

4.6.4  Approval  Authority 

4.6.5  Design  Pressure 

4.6.6  Minimum  and  Maximum  Design  Temperature 

4.6.7  Maximum  allowable  operating  pressure,  corroded  condition 

4.6.8  Normal  Operating  Pressure 

4.6.9  Normal  Operating  Temperature 

4.6.10  Test  Pressure  and  Medium 

4.6.11  Leeik  Test  Pressure 

4.6.12  Corrosion  Allowance 

4.6.13  Thickness  of  all  pressure  parts 

4.6.14  All  dimensions  necessary  for  calculation  of  thickness 

4.6.15  Cleaning  processes  interzial  and  external 

4.6.16  Specifications  for  all  materials  including  weld  and 
brazing  alloy  material 

4.6.17  Extent  of  Radiography,  and  post  weld  treatment 

4.6. 18  Welding  techniques  and  preparations 

4.6.19  Maximum  permissible  loads  due  to  piping  on  each  nozzle 

4.6.20  Internal  Volume  of  each  stream 
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4o6o21  Vessel  weights  empty,  operating 
4o6o22  Mechanical  tests  on  coupon  plates 

4*7  After  drawings  submitted  have  been  revieweii  by  the  Purchaser 

and  the  Approval  Authority  and  they  are  accepted  as  satisfactory, 
the  Purchaser  will  return  one  copy  of  the  drawings  sent  to 
them  by  the  Vendor  for  clearauice  stamped  "NOTJSD^o  •ft  will 
be  the  Vendors  responsibility  to  secure  the  Approval  Authorities 
approval  of  the  drawings© 

4o8  One  reproducible  copy  of  the  certified  correct  general  arrangement 
aind  detail  drawings  shall  be  submitted  to  Air  Products  Limited 
by  the  Vendor  within  7 days  of  receiving  full  design  clearance© 

4© 9 Deviations  from  the  certified  drawings  and/or  specification  shall 
not  be  permissible  except  when  prior  cleeurance  has  been 
obtained  from  the  purchaser  and  Approval  Authority© 

4©10  Deviations  from  the  certified  drawings  and/or  specifications 
shall  not  be  permissible  except  when  prior  clearance  has  been 
obtained  from  the  Purchaser  and  Approval  Authority©  Such 
clearance  does  not  relieve  the  VenddT  of  any  responsibility 
for  the  soundness  of  work,  completing  the  work  in  scheduled 
time,  nor  does  is  commit  the  Purchaser  to  accept  any  increase 
in  costs© 

5,  FABRICATION  AND  WORKMANSHIP 


5©1  Fabrication  shall  be  fully  in  accordance  with  the  requirements 
of  Air  Products  Limited©,  or  their  appointed  approved 
authority  and  in  accordance  with  the  certified  drawings  and 
shall  be  caorried  out  to  their  satisfaction©  Cleaurance  from 
the  Approval  Authority  and  Air  Products  Limited  must  be 
obtained  before  manufacture  of  the  vessel  commences© 

5©2  Records  of  test  plates  and  production  welds,  including 

radiographs  shall  be  kept  and  made  available  to  Air  Products 
Limited  on  request© 

5o3  Unless  previously  qualified  to  the  requirements  of  the  relevant 
pressure  vessel  code  authority  the  welders  and  automatic  welding 
Equipment  shall  qualify,  in  accordance  with  the  code,  on  test 
plates  representing  each  type  of  weld  and  material  to  be  used 
before  proceeding  on  production  welding© 

5©4  '•iuality  of  welding  shall  be  judged  and  radiographs  interpreted 
in  accordance  with  the  requirements  of  Air  Products  Limited© 
Quality  Control  Standards  or  as  agreed  with  the  Vendor  and  the 
Approval  Authority©  Details  of  such  agreement  must  be  forwarded 
to  the  Purchaser  for  review  before  manufacture  commences© 
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6.  INSPECTING  AND  TESTING 


6el  Inspection  and  testing  shall  be  in  accordance  with  the 

requirements  of  Air  Products  or  their  appointed  approval 
authority  and  in  accordance  with  the  relevant  drawings,  code 
and  Approval  Authority  requirements® 

6«2  Cost  of  all  Inspection  tests  and  Certificates  shall  be  borne 
by  the  Vendor® 

6.3  The  Approval  Authority  and  Air  Product’s  Inspection  Engineer 
shall  have  free  access  to  the  Vendor’s  works  at  all  reasonable 
times  after  placement  of  order  and  until  delivery  of  completed 
vessel o They  shall  be  at  liberty  at  any  stage  of  the  manufacture 
to  inspect  and  reject  any  defective  material  that  does  not 
conform  to  the  specification  stated  on  the  certified 
manufacturing  drawings® 

6.4  On  completion  of  fabrication  the  vessel  shall  be  subject  to 
strength  test  to  the  pressure  stated  on  the  relevant  drawing 
and  code.  This  test  is  to  be  carried  out  in  the  presence  of 
the  Approval  Authority  and  Air  Products  Limited  Inspector. 

No  final  inspection  tests  are  to  teike  place  before  all 

material  certificates,  and  the  results  of  any  tests  or  requirements 
of  the  Approval  Authority  are  available. 

6.5  The  fabricator  must  provide  all  the  necessary  materials  and 
equipment,  including,  closures,  gaskets  and  test  bolts  for  the 
pressure  test.  Under  no  circumstances  may  the  test  bolts  and 
gaskets  be  delivered  with  the  finished  vessel  where  the  bolts 
have  exceeded  design  yeild  stress  or  Oo23i  stress  during 
pressure  testing. 

6.6  After  carrying  out  the  pressure  testing,  all  welds  and  tube 
joints  shall  be  examined  for  gas  leakage  using  air  at  the  design 
presstire.  Detection  shall  be  by  means  of  detergent  solution. 

No  leakage  shall  be  permitted.  On  completion  of  the  test  all 
traces  of  the  detergent  shall  be  removed. 

6.7  The  Vessel  shall  not  be  despatched  pt^^or  to  final  acceptance 
by  Air  I^roducts  or  their  delegated  representative  and  before 
manufacturing  approval  has  been  obtained  from  ^e  relevant 
Approval  Authority. 

7*  NAMEPLATE 

V 

A stainless  steel  nameplate  shall  be  provided  by  the  Vendor  and 

permanently  fitted  to  the  vessel.  On  satisfactory  completion  of 

tests,  the  nameplate  shall  be  stamped  by  the  Approval  Authority. 

Information  contained  on  the  nameplate  shall  be  as  followss- 

(a)  Makers  name 

(b)  Makers  serial  number 
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(APL  plsLnts) 

(c)  Drawing  number 

(d)  Design  Code 

(e)  Design  Pressure 

(f)  Maximiim  allowable  operating  pressure  in  corroded  conditono 

(g)  Hydraulic  test  pressure 

(h)  Date  of  test 

(j)  Maximum  and  minimum  allowable  temperatiire 

(k)  Manufacturers  test  mark 

(l)  Approval  ^Authority  test  maxk 

(m)  Date  of  Approval  Authority’s  Surveyors 

8*  CLEANING 

8ol  All  internal  vessel  surfaces  shall  be  free  from  oil,  loose 
particles  and  other  foreign  matter  fully  in  accordance  with 
the  attached  cleaning  specification  or  as  stated  on  the 
attached  bid  sketcho 

9o  PAINTING 

9»1  All  carbon  and  low  alloy  steel  fabricated  pressure  vessels  shall 
be  descaled  by  shot  blasting  and  finished  painted  by  a four 
coat  system,  one  primer,  one  undercoat  and  two  coats  to  Vendors 
own  specification  which  should  not  be  less  than  BS«  Code  of 
Practices  231 o The  top  coat  colour  scheme  shall  be  as 
specified  on  the  attached  bid  sketch  or  the  purchase  ordero 

10*  PREPARATION  FOR  SHIPMENT 

lOol  The  relevant  vessel  project  and  section  numbers,  shall  be 
painted  on  the  outside  of  the  vessel  in  4*^  high  letter  and 
numerals  and  nozzles  to  have  identification  marks  painted 
thereon,  a 1*'  wide  x 12*'  long  line  shall  be  painted  on  the 
North  side  of  the  vesselo 

10o2  Upon  completion  of  cleaning  and  after  establishing  acceptance 
all  openings  must  be  scaled  against  entry  of  diret,  moisture 
etco 

Flainge  faces  shall  be  protected  by  bolted  on  12  mm  minimum 
thick  timber  blemkso 

Threaded  connections  are  to  be  plugged«  All  threads  on 
connections  and  studs  to  be  protected  with  adhesive  tape 
and,  where  necesseiry,  rust  preventativei* 
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11.  DELIVERY  ADDBii'.q.t; 

11.1  Vessel  shall  be  delivered  as  requested  on  the  hire  purchase 
order. 

13.  BECORDS 


S!  shall  furnish  3 copies  of  pressure  vessel 

record  that  stoll  declare  full  particulars  of  the  exchanger  and 
shall  report  the  results  of  all  tests  on  the  materials  of 
construction  on  the  soundness  of  the  workmanship  and  on  the 
completed  vessel,  to  establish  its  suitability  to  withstand  the 
design  conditions,  together  with  all  tests  and  rectifications. 

report  constituting  the  record  shall  be  certified  by  the 
< Fabricator  or  his  sub-contractor,  and  be 

signed  by  the  Approval  Authority  and  the  Purchaser's  Representative 
who  witness  the  acceptance  tests.  The  original  and  copies  of  the 
vessel  record  shall  be  maintained  at  the  Fabricators  Works. 

Authority°"^  copies  shall  be  provided  as  required  by  the  Approval 


15.2 


13.3 


The  manufacturer  shall  maintain  the  records  through  all  stages 
of  manufacture  and  shall  make  the  various  documents  available 
to  the  purchaser's  inspector  and  the  Approval  Authority's 
fiepresentative  on  requesto 

The  minimum  documentation  for  a pressure  vessel  dossier  is  as 
follows s 


13o3®l  jPresstir^  Vessel  Certificate  giving  the  following 
informations 

(a)  Manufacttirer^s  name 

(b)  ApP *L,  Project  and  Section  number 

(c)  ApPeLa  Purchase  Order  Number 

(d)  Vessel  Serial  Number 

(e)  Construction  Code 

(f)  Approval  Authority 

(g)  Operating  Temperature  and  Pressure 

(h)  Design  Temperature  and  Pressure 

(j)  Test  Pressures  and  Dates 

(k)  Corrosion  Allowemce 

The  vessel  information  g,h,Jgk  above  must  be  given 
for  each  chamber  of  the  vessel o 

The  pressure  vessel  certificate  must  be  signed  and 
stamped  by  the  Approval  Authority's  Representative « 
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13o3o2  Material  Identification  Sketch  showing  cast  numbers  for 
all  pressure  smd  strength  components  of  the  vessel  and 
for  all  material  directly  welded  to  such  parts# 

The  sketch  must  be  signed  and  stamped  by  the  Approval 
Authority*' s Hepresentative  and  the  Manufacturer’s 
Senior  Inspector# 

13.3.3  Material  Test  Certificates c giving  chemical  and 
physical  properties  of  all  material  noted  on  the 
Material  Identification  Sketch.  These  test 
certificates  must  be  issued  by  the  Material 
Manufacturer  or  may  be  certificates  indicating  the 
results  of  tests  witnessed  by  the  Approval  Authority. 

13.3.4  Welders  <i^ualificatioxxsg  in  accordance  with  the  relevant 
code  euid  giving  all  results  of  tests  performed,  and 
test  dates#  Welders  qualifications  must  be  signed 

and  stamped  by  the  Approval  Authority  Representative. . 

13.3.5  Radiograph  Sketch,  which  must  show  the  extent  of 
radiography,  indicate  the  film  nximbers  and  show  the 
positions  at  which  films  were  taken. 

13o3«6  Radiograph  Assessment,  giving  the  results  of  all  the 
films  noted  on  the  radiograph  sketch  and  giving  a 
final  classification  in  accordance  with  the  relevant 
code.  All  repair  details  must  be  noted  on  the 
assessment# 


13,3,7  Heat  Treatment  Certificates,  which  must  indicate  the 
part  subjected  to  heat  treatment,  the  purpose  of  the 
treatment  and  must  be  accompanied  by  the  actual 
furnace  time/temperature  chart#  The  chart  and  the 
certificate  must  be  signed  by  the  Approval  Authority’s 
Representative# 

13o3«8  Drawings  ^ each  dossier  supplied  to  the  purchaser  must 
include  a general  arrangement  drawing  which  contains 
sufficient  information  to  enable  the  dossier 
documentation  to  be  checked. 


13,3,9  Design  Calculations,  each  dossier  supplied  to  the 
purchaser  must  include  a full  set  of  calculations, 
of  the  scantlings  of  the  pressure  vessel,  to  the 
relevemt  code# 


13.4  Three  copies  of  the  vessel  dossier  shall  be  sent  tos-* 

Expediting  Manager, 

Air  Products  Limited, 

Coombe  House, 

Malden  Road, 

New  Malden, 

Surrey# 
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1*  GENERAL 


This  specification,  together  with  the  relevant  process  design 
information,  covers  the  requirements  for  the  design,  materials 
fabrication,  inspection,  testing,  cleaning,  painting  and 
shipment  of  shell  and  tube  type  coolers  for  02  service  designed 
by  the  Vendor® 

The  related  specifications,  standards  and  codes  shall  be  the 
latest  issues  and  shall  include  all  addenda,  revisions  and 
supplements® 


1*5  All  conflicts  between  the  requirements  of  this  specification,  the 
standards  and  codes  shall  be  referred  to  Air  Products  Ltd® , for 
clarification  or  modification  before  quotation,  or  in  the  event 
of  an  order  before  work  proceeds® 

1*^  The  vendor  shall  submit  with  his  quotation;— 

1®4®1  Sufficient  information  to  enable  Air  Products  Ltd®  to  assess 
the  merits  of  the  proposed  design,  including  type 
designation,  heat  transfer  surface  area,  tube  size  and 
pitch,  baffle  cut  and  spacing,  tube  pass  aurrangement , and 
a preliminary  outline  drawing  giving  connection  positions, 
overall  dimensions  and  weights®  Refer  to  attachments  listed 
on  requisition  for  design  data® 

1®4o2  a list  of  any  departures  from  this  specification® 

1o4®3  A list  of  spares  required  for  s- 

(a)  Construction,  testing  and  initial  operation 

(b)  Operational  spares  for  12  months 

(c)  A spare  bundle  eind  other  relevant  spares 

The  list  of  spares  to  be  accompanied  by  sufficient 
literature  to  enable  the  parts  to  be  identified® 

1#5  A copy  of  all  suborders  (unpriced)  shall  be  submitted  to  APL 
for  expediting  purposes® 


2.  DESIGN 

2®1  Heat  exchangers  shall  be  designed  to  TEl^IA-C  standards,  the 

latest  requirements  of  the  ASME  Section  VIII,  Division  I pressure 
vessel  code  or  an  alternative  code  as  agreed  with  Air  Products 
Limited,  at  the  time  of  bid,  except  where  specified  otherwise  on 
the  process  data  sheet  and/or  purchase  requisition,  then  it 
shall  meet  the  latest  code  requirements  of  the  National  Pressure 
Vessel  Authority  of  the  country  of  destination  as  specified  and 
the  design  conditions  as  stated  on  the  appropriate  process 
specification,  bid  sketch  or  data  sheet®  The  code  must  be 
clearly  indicated  on  the  drawings  and  documents. 
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2.2  The  arrangement  shall  by  preference  be  of  the  horizontal  shell 
and  tube  type  with  removable  tube  bundle,  removable  channel  euid 
shell  covers. 

The  oxygen  stream  is  preferred  on  the  tube  side,  due  to 
difficulties  of  cleaning  the  shell  side.  Special  care  shall 
be  taken  in  the  design  to  ensure  that  the  oxygen  side  of  the 
cooler  can  be  thoroughly  clean  to  the  acceptance  level  of 
specification  A.OJ. 

Should  the  oxygen  stream  be  on  the  shell  side  by  agreement  with 
Air  Products  Limited,  a sample  tapping  is  to  be  provided  at  the 
lowest  draining  point  of  the  shell. 

2.3  The  following  table  is  a guide  to  the  maximum  allowable  flow 
velocities  for  oxygen  gas  service.  Vendor  is  to  advise  Air 
Products  Limited  where  these  values  are  exceeded  for  agreement. 


r I 

Velocity  j Oxygen  Condition 

Allowable  Material 

I 

Less  than  200  f.p.s,  i 

! 

! 

Temp.  -20°F.  or  above 
dry  (dew  point  below 
-40°F.) 

Carbon  Steel  I 

1 

\ 

Less  than  200  f.p.s. 

Temperature  -20°F.  or 
above. 

Wet  gas  or  if  the  pipe 
bore  contacts 
atmospheric  air 

Copper,  Copper  Allo^ 
Stainless  steel 

1 

1 

I 

I Above  200  f.p.s. 

, I 

I 

I 

Temp.  -20^F  or  above 
j Wet  or  Dry 

1 

Copper,  Copper  Allo^f" 
1 

2.4  The  design  of  the  Vessel  shall  be  reviewed  by  Air  Products  and 
approved  by  the  Independant  Inspecting  Authority  nominated  on 
the  requisition.  It  will  be  the  Vendors  responsibility  to 
secure  the  Inspection  Authorities  approval  of  the  design 
fabrication  and  testing  at  Vendors  cost. 

2.5'  The  design  conditions  are  as  stated  on  the  appropriate  process 
specification,  bid  sketch  or  data  sheet. 

2,6  Where  galvanic  action  can  take  place  the  Vendor  shall  provide 
protection  by  sacrifical  places  of  suitable  material,  to  be 
agreed  with  Air  Products  liimited. 
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2*7  Maximum  pressure  drop  on  the  water  side  of  the  cooler  shall  not 
exceed  10  psi  measured  from  inlet  to  discharge  flange  vinless 
otherwise  stated® 

2*8  At  all  high  or  low  points  not  vented  or  drained  by  the  nozzle 
connections,  1"  N/B  connections  shall  be  provided,  each  fitted 
with  a screwed  plug* 

2.9  All  connections  larger  than  1^*'  shall  be  flanged* 

All  connections  1^”  and  smaller  shall  be  screwed. 

2*10  Rupture  discs  shall  be  provided  in  the  cooler  shell  if  gas 
pressure  in  tubes  exceeds  shell  side  pressure  by  75  psig© 

2*11  It  shall  be  made  possible  for  the  tube  bundle  to  be  removed  for 
maintenance  or  cleaning,  including  the  provision  of  lifting 
points  on  the  tube  bundle  if  its  weight  is  over  50  lbs. 

2*12  Vendor  to  include  in  quotation  the  additional  cost  of  providing 
5^  extra  tubes  over  and  above  design  to  allow  plugging  for 
maintenance  purposes* 

2*13  The  cooler  shall  be  supplied  complete  with  fabricated  steel 

saddles  or  supports  drilled  at  the  mounting  level  to  meet  the 
bolting  requirements* 

2*1^  The  cooler  shell  shall  have  suitable  attachments  for  erection 
at  site* 

2*15  Carbon  aind  low  alloy  steel  exchangers  shall  have  a corrosion 
allowaince  of  on  all  pressure  parts  except  for  the  tubes 
(on  each  wnttwd  surface)  * 

3.  MATERIALS  OF  CONSTRUCTION 


Materials  given  in  the  following  paragraphs  are  a general  guide  to  Air 
Products  requirements*  The  Vendor  is  to  ensure  that  all  materials 
offered  are  suitable  for  the  operating  and  design  condition  specified 
on  the  relevant  design  data  specification* 

3ol  The  vendor  shall  specify  clearly  in  his  tender  and  on  the 

production  drawing  the  specification,  grade  class  and  temper 
to  which  each  material  conforms* 

3*2  Shell  - Carbon  Steel 

Where  cooling  is  provided  by  the  use  of  sea  water  all  steel 
materials  in  contact  with  the  sea  water  shall  be  protected 
against  corrosion  by  the  use  of  ''sadcaphen**  or  equal,  as  agreed 
by  Air  Products  Limited* 

The  design  of  the  coolers  shall  be  such  that  no  sliding  contact 
occurs  between  metal  parts  and  the  coating  provided* 

Sacrificial  soft  iron  anodes,  if  provided,  are  to  be  supplied 
in  sizes  and  positions  as  agreed  with  Air  Products  Limited* 
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3,5  Tubes 


These  shall  generally  be  selected  in  accordance  with  the 
table  given  below,  (Note:  Steel  tubes  shall  not  be  used). 


Service 

Haterial 

Fresh  water 
Cooling  tower 
yiith  solids  in  suspension 
below  2,000  ppm. 

Brass 

Polluted  fresh  water 

Admiralty  Breuss 
(with  Vi  Sn  0.0^  AS) 

Brackish  water 
or  polluted  sea  water 

aluminium  brass 
Cu  A1  2^  AS  0.049^ 

remainder  Zn 

Sea  Water 

70/30  Copper  Nickel 
Hi  yvi  fe  0,6jt  MN  0,8?t 
Renminder  Cu. 

Sea  water  with  saind 
and  other  solid  particles 

Hi  ^9  23i  m 2St 

Remainder  Cu* 

3,4  Tube  Sheets  shall  be  selected  in  accordance  with  the  table 
given  below. 

Carbon  steel  tube  sheets  shall  not  be  used. 


Service 

Material 

Fresh  water 
Cooling  tower  circuits 

Brass 

Brackish  water 
polluted  water 
Sea  Water 

Naval  Brass 

60/39/1  Copper  Zinc  Tin 
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3.5  The  following  materials  are  specified  for  coolers  with  water 
on  the  shell  side* 


3*5*1  Baffles  and  Support  Plates  - Naval  Soiled  Brass 
3*5*2  Bonnets  - Car^n  Steel 


Where  the  oxygen  is  on  the  tubeside  the  gas  flow  shall 
be  prevented  from  impinging  on  the  carbon  steel  by 
a rolled  naval  brass  impingement  plate* 

3*5*3  Chaimel  and  Chsmnel  Covers  - carbon  steel,  cast  bronze 
or  oast  iron* 


3.6 


3.7 


3.8 


Where  the  oxygen  is  on  the  tube  side  and  the  channel  or 
cover  is  of  steel  the  note  in  clause  3*5,2  is  applicable* 

Gaiakete  etc. 

All  gasket,  sealing  and  gland  materials  in  contact  with  an 
oxygen  stream  must  be  agreed  with  Air  Products  Limited  as 
compatible  with  oxygen  in  seirvice. 


Materials  for  construction  shall  be  subject  to  approval  by 
appointed  Representative  of  the  Approve^  Authority*  ; 


the 

oJL. 


Test  certificates  will  be  required  for  1 pressuz^  part 
materials  and  permanent  attachements  giving  full  r.h«Mn< 
analysis  and  physical  properties  in  accordance  with  the 
relevant  code* 


PBAWIMQ6 

4,1  The  Vendor  shall  submit  with  his  quotation  sufficient  information 
to  enable  Air  Products  to  assess  the  merits  of  the  proposed 
design* 

4*2  All  documents  must  be  identified  by  the  customers  Project  number, 
equipment  item  number  and  purchase  order  numbers | and  on  drawings 
Vendor's  title,  drawing  and  revision  numbers | an  preferably  in 
the  lower  right  hand  comer*  Where  practical  a 3"  x 4"  blank 
space  shall  be  allowed  near  this  block  for  Air  Products  use* 

4*3  The  selected  Vendor  shall  submit  2 copies  of  sketches  giving 

overall  sizes,  nozzle  sizes  and  positions  and  preferred  support 
location  within  two  (2)  weeks  of  reoeipt  of  order,  or  as 
required  by  Air  Products  drawing  register,  six  (6)  copies  or 
one  reproducible  of  ^gmaeral  arrangement  and  detail  drawings, 
within  five  (5)  weeks  of  reoeipt  of  order  or  as  required  by 
APL  drawing  register,  for  review  by  Air  Products  Limited* 

The  Vendor  is  responsible  for  sutamission  of  dra%fings  to  and 
obtaining  approval  from  the  Approval  Authority, 
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4*4  The  Vendor  eball  aubmlt  to  Air  Products  Llialted  within  five  (^) 
weeks  of  receipt  of  order  or  as  required  by  Air  Products 
drawing  register,  three  (3)  copies  of  dimensioned  drawing 
showing  package  including  all  lifting  points. 

Information  on  the  drawings  must  give  sufficient  dimensions  to 
enable  accurate  location  to  be  made  for  foundation,  bolting  and 
all  nozzle  connections. 

4.3  All  detail  and  assembly  drawings  shall  be  fully  dimensioned  la 
Metric  Units. 


The  drawings  shall  give  the  following  Information  as  a minimum: - 


4.6.1  APL  Purchase  Order  Number 

4.6.2  APL  Project  and  Section  Number 

4.6.3  Design  Code 

4.6.4  Approval  Authority 

4.6.3  Design  Pressure 

4.6.6  Minimum  eind  Maximum  Design  Temperature 

4.6.7  Maximum  allowable  operating  pressure,  corroded  condition 

4.6.8  Noraal  Operating  Pressure 

4.6.9  Normal  Operating  Temperature 

4.6.10  Test  Pressure  and  Medium 

4.6.11  Leak  Test  Pressure 

4.6.12  Corrosion  Allowance 

4.6.13  Thickness  of  all  pressure  parts 

4.6.14  All  dimensions  necessary  for  calculation  of  thickness 
4.6.13  Cleainlng  processes  internal  and  external 

4.6.16  Specifications  for  aill  materials  including  weld  and 
brazing  alloy  material 

4.6.17  Extbnt  of  Radiography,  and  post  weld  treatment 

4.6.18  Welding  techniques  and  prepauratlons 

4.6.19  Maximum  permissible  loads  due  to  piping  on  eaoh  nozzle 

4.6.20  Vessel  weights  both  empty  and  operating 

4.6.21  Mechanical  test  on  coupon  plates 

4.7  After  drawings  submitted  have  been  reviewed  by  Air  Products  Ltd. 

and  the  Approval  Authority,  and  they  are  aodepted  as  satisfactory, 
Air  Products  will  return  one  copy  of  the  drawings  sent  to  them 
by  the  Vendor  for  olearamoe  stomped  "NOTED".  It  will  be  the 
Vendors  responsibility  to  secure  the  Authorities  approval  of  the 
drawings. 
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4.0  One  reproducible  copy  of  certified  correct  general  arrangement 
and  detail  drawings  shall  be  submitted  to  A.P.L.  by  the  Vendor 
within  7 days  of  receiving  full  design  clearance. 

4*9  deviations  from  the  certified  drawings  and/or  specification 

shall  not  be  permissible  except  when  prior  clearance  has  been 
obtained  trom  Air  Products  Ltd.  and  Approval  Authority. 

4,10  deviations  from  the  certified  drawings  ancV^or  specifications 
shall  not  be  permissible  except  when  prior  clearance  has  been 
obtained  from  the  Purciiaser  and  Approval  Authority.  *^uch 
clearance  does  not  relive  the  Vendor  of  any  responsibility 
for  the  soundness  of  work,  completing  the  work  in  scheduled 
time,  nor  does  it  commit  the  Purchaser  to  accept  any  increase 
in  costs, 

5*  FABRICATION  ANd  WOhKMANbHIP 

5#1  Fabrication  shall  be  fully  in  accordance  with  the  requirements 
of  Air  Products  Ltd. , or  their  appointed  approval  authority 
and  in  accordance  with  the  certified  drawings  and  shall  be 
carried  out  to  their  satisfaction.  Clearance  from  the 
Approval  Authority  and  AoPoL.  must  be  obtained  before 
manufacture  of  the  vessel  commenceso 

5*2  All  welds  on  the  oxygen  side  are  to  be  smooth  and  of  regular 
form.  Any  slag  or  weld  icicles  must  be  removed.  Backing 
rings  should  be  avoided  where  possible,  and  only  used  with 
the  agreement  of  APL. 

Tube  to  tube  sheet  joints  must  be  assembled  without  the  use  of 
oil  or  hydrocarbon  compounds.  The  tube  surface  and  the  tube 
sheet  holes  must  be  degreased  and  inspected  prior  to  assembly, 

5*4  Records  of  test  plates  and  production  welds,  including 

radiographs  shall  be  kept  and  made  available  to  APL  on  request, 

5*5  Unless  previously  qualified  to  the  requirements  of  the  relevant 
pressure  vessel  code  authority  the  welders  and  automatic 
welding  equipment  shall  qualify,  in  accordance  with  the  code, 
on  test  plates  representing  each  type  of  weld  and  material  to  be 
used  before  proceeding  on  production  welding, 

5*6  Quality  of  welding  shall  be  judged  and  radiographs  interpreted 
in  accordance  with  the  requirements  of  the  APL  <«iuality 
Control  standards  or  as  agreed  with  the  Vendor  and  the  Approval 
Authority.  Details  of  such  agreement  must  be  forwarded  to 
Air  Products  Ltd,  for  review  before  manufacture  commences. 


6.  INBPLGTING  and  TESTING 


6,1  Inspection  and  testing  shall  be  in  accordance  with  the 

requirements  of  Air  Products  or  their  appointed  approval 
authority  and  in  accordance  with  the  relevant  drawings,  code 
and  Approval  Authorities  requirements. 
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6.2  Cost  of  all  Inspection,  tests  and  Certificates  shall  be  borne 
by  the  Vendor® 

6.5  The  Approval  Authority  and/or  Air  Product® s Inspection  Engineer 
shall  have  free  access  to  the  Vendor's  works  at  all  reasonable 
times  after  placement  or  order  and  until  delivery  of  completed 
vessel.  They  shall  be  at  liberty  at  any  stage  of  the 
manufacture  to  inspect  and  reject  any  defective  material  that 
does  not  conform  to  the  inspection  stated  on  the  certified 
manufacturing  drawings. 

6.4  On  completion  of  fabrication  the  vessel  shall  be  subject  to 
strength  test  to  the  pressure  stated  on  the  relevant  drawing 
and  code.  This  test  is  to  be  carried  out  in  the  presence  of  the 
Approval  Authority  and  AoP.L.  Inspector.  No  final  inspection 
tests  are  to  take  place  before  all  the  material  certificates,  and 
the  results  of  any  test  or  requirements  of  the  Approval  Authority, 
are  available. 

6.5  The  fabricator  must  provide  all  the  necessary  materials  and 
equipment,  including  closures,  gaskets  and  test  bolts  for  the 
pressure  test.  Under  no  circumstances  may  the  test  bolts  and 
gaskets  be  delivered  with  the  finished  vessel  where  the  bolts 
have  exceeded  design  yield  stress  or  OoI^j  proof  stress  during 
pressure  testing. 

6.6  After  carrying  out  the  pressure  testing,  all  welds  and  tube 
joints  shall  be  examined  for  gas  leakage  using  air  at  the  design 
pressiire.  Detection  siiall  be  by  means  of  detergent  solution.  No 
leakage  shall  be  permitted.  On  completion  of  the  test  all  traces 
of  the  detergent  shall  be  removed. 

6.7  The  vessel  shall  not  be  despatched  prior  to  final  acceptance  by 
Air  Products  or  their  delegated  representative  and  before 
manufacturing  approval  has  been  obtained  from  the  relevant 
Approval  /iuthority. 

7.  NAMEPLATE 


7*1  A stainless  steel  nameplate  shall  be  provided  by  the  Vendor  and 
permanently  fitted  to  the  vessel.  On  satisfactory  completion 
of  tests,  the  nameplate  shall  be  stamped  by  the  Approval 
Authority.  Information  contained  on  the  nameplate  shall  be  as 
follows: - 

(a)  Makers  Name 

(b)  Makers  Eerial  Number 

(c)  Drawing  number 

(d)  Design  Code 

(e)  Design  Pressure 

(f)  Maximum  allowable  operating  pressure  in  corroded  condition 

(g)  Hydraulic  test  pressure  and  date  of  test 

(h)  Date  of  test 
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(3)  Maximum  and  minimum  allowable  temperature 

(k)  Manufacturers  test  mark 

(1)  Approval  Authority  test  mark 

(ra)  Date  of  Approval  Authority's  Surveyors 

8.  CLEANING 

80I  All  internal  vessel  surface  shall  be  free  from  oil,  loose 
particles  and  other  foreign  matter  in  accordance  with  Air 
Products  specification  Noo  HoOJ  "Acceptance  Test  for  Class  AA 
Cleaning" o 

9.  PAINTING 


9«1  All  carbon  and  low  alloy  steel  fabricated  pressure  vessels  shall 
be  descaled  by  shot  blasting  and  finished  painted  by  a four  coat 
system,  one  primer,  one  undercoat  and  two  top  coats  to  vendors 
own  specification  which  should  not  be  less  than  BS.  Code  of 
Practice  23I0  The  top  coat  colour  scheme  shall  be  as  specified 
on  the  attached  bid  sketch  or  the  purchase  order. 


10.  PKIJ^APATION 

10.1  The  relevant  vessel  project  and  section  numbers,  shall  be  painted 
on  the  outside  of  the  vessel  in  V’  high  letters  and  numerals  and 
nozzles  to  have  identification  marks  painted  thereon.  A 1**  wide 
X 12"  long  line  shall  be  painted  on  the  North  side  of  the 
vessel . 

10.2  The  vessel  must  be  pressurised  to  15"  w.g.  minimum  and  15  psig. 
maximum  with  dry  oil  free  air  or  notrogen  and  all  nozzles 
suitably  blanked  olf.  The  vessel  shall  be  suitably  protected  for 
transport.  Tlie  vessel  shall  display  a warning  notice  stating 

it  is  under  pressure  during  shipment,  and  a further  notice  that 
the  oxygen  passages  have  been  cleaned  for  oxygen  service  and  are 
not  to  be  opened  during  shipment  without  instructions  from 
Air  Products  Representative . 

10.3  All  cost  of  preparation  for  shipment  are  to  be  borne  by  the  Vendor. 

10.4  Packing  will  be  subject  to  inspection  by  Air  Products  Inspector 
or  delegated  representative. 

11.  DELIVKi^Y 

11.1  Vessel  shall  be  delivered  as  requested  on  the  purchase  order. 
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13.  HBCOBDS 

13.1  The  veesel  fabricator  ahall  furnish  3 copies  of  pressure  vessel 
record  that  shall  declare  full  particulars  of  the  exchanger 
and  shall  report  the  results  of  all  tests  on  the  materials  of 
construction  on  the  soundness  of  the  workmanship  and  on  the 
completed  vessel,  to  establish  its  suitability  to  withstand  the 
design  conditions,  together  with  all  tests  and  rectifications* 
The  report  constituting  the  record  shall  be  certified  by  the 
Chief  Inspector  of  the  Fabricator  or  his  sub^oontraotor,  and  be 
signed  by  the  Approval  Authority  and  the  Purohassr's 
Hsprsssntative  who  witness  the  aoosptanos  tests*  The  original 
and  copies  of  the  vessel  record  shall  be  maintained  at  the 
Fabricators  Works* 

In  addition  copies  shall  be  provided  as  required  by  the  Approval 
Authority. 

13.2  The  manufacturer  shall  maintain  the  records  through  all  stages 
of  manufacture  and  shall  make  the  various  documents  available 
to  the  purchaser's  inspector  and  the  Approval  Authority's 
Representative  on  request. 

13*3  The  minimum  documentation  for  a pressure  vessel  dossier  is  as 
follows 

13*?«1  Praasure_yes^l  Certif iqate  giving  the  following 
information: • 

(a)  Manufacturer's  name 

(b)  APL  Project  and  Section  Number 

(c)  APL  Purchase  Order  Number 

(d)  Vessel  Serial  Number 

(e)  Construction  Code 

( f ) Approval  Authority 

(g)  Operating  Temperature  and  Pressure 

(h)  Design  Temperature  and  Pressure 

(J)  Test  Pressures  euid  Dates 

(k)  ' Corrosion  Allowuoe 

The  vessel  information  g,h,J,k  above  must  be  given  for  each 
chamber  of  the  vessel. 

The  pressure  vessel  certificate  must  be  signed  and  stamped  by 
the  Approval  ^thority's  Heprosentative, 
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13.3.2 


13.3.3 


13.3.^ 


13.3.5 


13.3.6 


13.3.7 


13.3.8 


13.3.9 


13.3.10 


Material  Identificati^n^^Slcej^ch^  showing  cast  numbers 
for  all  pressure  and  strength  components  of  the  vessel 
and  for  all  material  directly  welded  to  such  partSo 
The  sketch  must  be  signed  and  stamped  by  the  Approval 
Authority's  Hepresentative  and  the  Manufacturer's 
Senior  Inspectors 

Material  Test  Certificates » giving  chemical  and  physical 
properties  of  all  material  noted  on  the  Material 
Identification  Sketcho  These  test  certificates  must  be 
issued  by  the  Material  Manufacturer  or  may  be  certificates 
indicating  the  results  of  tests  witnessed  by  the  Approval 
Author! tyo 

Welders  *«^ualificationa«  in  accordance  with  the  relevant 
code  and  giving  all  results  of  test  performed,  and  test 
dates 0 Welders  qualifications  must  be  signed  and 
stamped  by  the  Approval  Authority  fiepresentativeo 

Hadiograph  Sketcho  which  must  show  the  extent  of 
radiography  indicate  the  film  numbers,  and  show  the 
positions  at  which  films  were  takeno 

Radiograph  Assessment <.  giving  the  results  of  all  films 
noted  on  the  radiograph  sketch  and  giving  a final 
classification  in  accordance  with  the  relevant  code. 

All  repair  details  must  be  noted  on  the  assessment. 

Heat  Treatment  Certificates,  which  must  indicate  the 
subjected  to  heat  treatment,  the  purpose  of  the 
treatment  and  must  be  accompsmied  by  the  actual  furnace 
time/temperature  chart.  The  chart  and  the  certificate 
must  be  signed  by  the  Approval  Authority’s  Representative, 

Drawings,  each  dossier  supplied  to  the  purchaser  must 
Include  a general  arrangement  drawing  which  contains 
sufficient  information  to  enable  the  dossier 
documentation  to  be  checked. 

Design  Calculations,  each  dossier  supplied  to  the 
purchaser  must  include  a full  set  of  calculations,  of 
the  scantlings  of  the  pressure  vessel,  to  the  relevant 
code, 

A Document,  signed  by  the  manufacturer's  Senior 
Inspector  and  countersigned  by  the  Air  Products  Limited 
Inspector  must  show  that  the  cleanliness  of  the  vessel 
complies  with  Caluse  8,1, 
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15*^  Three  copies  of  the  vessel  dossier  shall  be  sent  to:- 

£3q)editing  Manager, 

Air  Products  Limited, 

Coombe  House, 

Malden  Road, 

New  Malden, 

Surrey® 
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DESCRIPTION 
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DATE 
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ORIGINATOR 
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PUHPOSE 


This  specification  defines  Air  Products  requirements  for  centrifugal 
pumps  handling  cryogenic  liquids. 

2.  SCOPE 


2.1  This  specification  applies  to  all  centrifugal  pumps  for  use 
with  cryogenic  liquids  on  all  permanently  fixed,  or  mobile 
equipment  and  used  continuously,  intermittently  or  on  stand-by 
duty. 

2.2  This  specification,  which  states  the  requirements  for  pumps 
handling  liquid  oxygen,  will  be  used  even  where  the  pumps  will 
be  used  for  liquid  nitrogen  and  liquid  argon. 

This  is  for  reasons  of  safety,  standardisation  and 
interchangeability  within  Air  Products  Limited. 

2.3  Where  conflict  between  this  euid  the  applicable  Job 
Specification  exists,  the  Job  Specification  shall  govern. 

2.4  This  specification  supercedes  Q.Ol  and  Q.02. 

3#  DESIGN 


3.1  Genered 


3*  1*1  Equipment  supplied  shall  be  capable  of  operating  at  the 
ambient  conditions  and  in  the  geographical  area  as  set 
forth  in  the  Job  Specification. 

3# 1.2  The  pump  shall  deliver  the  required  capacity, at  the 

head  listed  in  the  Job  Specification,  ^ts^ performance 
generally  shall  be  in  accordance  with  the  ciirves  defined 
in  Para.  5.  The  curves  shall  be  applicable  to  the 
liquid  for  which  the  pump  is  intended. 

3* 1.3  All  equipment  furnished  is  to  be  suitable  for  24  hours 
per  day  continuous  operation. 

3.1.4  Dy^ic  balancing  shoixld,  in  general,  agree  with  the  Draft 
IfiCTRecommendation  No.  1940  for  the  Balance  Quality  of 
Hotating  Rigid  Bodies  (ISO)  TC  I08  (Secretariat  - 36  105E). 
The  quality  of  balance  should  be  equal  to  or  better  than 
^ 2.5  i.e.  residual  specific  unbalsuice  not  heater  than 
2.5  g.Run/kg  (or  eccentricity  at  10,000  r.p.m. 

This  quality  applies  to  the  single  plane  balancing  of 
impellers,  but  if  the  same  greatest  residual  unbalance 
moment  of  the  whole  rotating  assembly  cannot  be 
achieved  by  single  part  balancing  then  the  assembled 
parts  must  be  balanced  as  a unit.  Relative  position  of 
the  components  should  be  maintained  or  alternatively, 
the  design  should  only  allow  one  fixed  relationship. 
Vibration  measured  in  any  plane,  or  any  part  of  the  pump 
casing  bearing  assembly  or  shaft  shall  not  exceed 
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TITLE  Centrifugal  Cryogenic  Piamps 


3olo5  Material  is  not  be  be  removed , for  balancing  purposes, 
from  the  impeller  front  or  rear  shroud  faces  or  the 
shaft  5 unless  the  design  has  specifically  accounted 
for  this  eventualityo  It  is  preferable  that  balancing 
rings  be  designed  into  the  shaft  and  impellero  If  no 
balancing  rings  are  provided,  material  must  only  be 
removed  by  scalloping  metal  from  the  impeller  periphery 
between  bladeso 


3o1o6  Por  the  purpose  of  this  specification,  low  speeds  shall 
be  construed  as  3|000  rev/mino  and  below  and  high 
speeds  as  those  above  3^000  rev/mino 

3o2  Volute  Casing  and  Backplate 

3o2ol  Casings  shall  be  designed  for  the  specified  design  and 
test  pressure  and  the  cryogenic  operating  temperature o 
The  hoop  stress  value,  at  any  point,  shall  not  be 
excess  of  the  values  given  in  the  AoSoMoEo  Unfired 
Pressure  Vessel  Code,  Section  VIII,  latest  edition  for 
the  material  use do 


3o2o2  Cold  casings  shall  be  made  of  bronze  unless  an 

alternative  material  is  agreed  between  the  Vendor  and 
the  Purchasero 


30203  Casings  shall  be  designed  with  very  small  tolerances  on 
parallelism,  squareness  and  concentricity  in  order  to 
achieve  the  necessairy  clearances  on  eissemblyo 

30204  Materials  used  between  Joint  faces  either  as  gaskets, 
adjustment  shims  or  thermal  barriers,  shall  be 
compatible  with  oxygen  service,  aind  agreed  by  APLo 

30205  Each  volute  casing  shall  have  securely  attached  a 
corrosion  resistant  nameplate  indicating^ 

(a)  Maker ^8  name 

(b)  Maker ^6  serial  number 

(c)  Maker's  type  number 

(d)  Specified  output  on  LOX/LIN/LAR 

(e)  Specified  head  on  LOX/LIN/LAR 

(f)  Specified  speed 

(g)  Shut  off  head  established  on  test 

(h)  Actual  impeller  diameter 

(i)  Direction  of  rotation,  if  not  othex^ise  indicated 
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3o2o6  The  casing  shall  be  provided  with  bronze  wear  rings 
(see  paragraph  3o3) 

5o2c?  The  volute  casing  shall  contain  preferably  a multi- 
vaned  bronz.e  diffuser  or  otherwise  be  of  the  double 
cut  water  typeo 

3o2o8  All  castings  shall  be  sounds  free  of  shrink  or  blow- 
holes, scale  blisters  and  similar  casting  defectso  The 
surfac  of  castings  shall  be  cleaned  by  sand 
blast  i.ng,  pickling  or  any  other  standard  method  capable 
of  giving  a smooth  surface© 

3o/'-o9  *he  repair  of  leaks  and  defects  in  the  pressure  casings 
by  the  use  of  cement  or  similar  compounds  is  prohibited* 

3o2olO  Casings  shall  be  machined  all  over,  internally,  where 
they  are  within  15  ram  of  the  rotating  assembly  in 
the  assembled  condition© 

3o2oll  Lifting  eye  bolts  and  tapped  jack  screw  holes  shall  be 
provided  on  all  major  components  weighing  35  kg  or  more* 

3o2ol2  The  Vendor  shall  state  the  magnitude  of  the  forces  and 
moments  allowed  to  be  exerted  on  the  casings  by  the 
instaliation  pipework© 


3o  3 Wear  Rings 


30301  Casings  shall  be  furnished  with  bronze  wear  rings© 

30302  No  method  of  fitting  shall  permit  the  possibility  of 
loosening  of  the  wear  rings  or  its  locking  devices© 

30303  Lccentr ic?.ty  of  wear  ring  bore  and  casing  spigot 
diameter  must  be  minimal© 

5«4  Rotating  Assembly 

3o4o1  Only  cast  bronze  impellers  shall  be  used  and  they  shall 
be  machined  all  over  with  the  exception  of  the  internal 
surface  which  shall  be  as  smooth  as  possible  in  the 
cast  conditiono  Absolute  cleanliness  of  the  passages  is 
essent  ial  para  13)©  The  impeller  shall  be  one 
piece  co.nstructiono 


3o4o2  Impeller  vanes  shall  not  be  cut  back  to  meet  the 

specif?  eci  duty©  The  duty  should  be  met  by  adjusting 
the  speed© 

3o^o3  Design,  to  meet  the  duty,  without  inducers  is  preferred, 
bnt  when  inducers  are  required,  they  shall  be  in  bronze© 

Inducers  shall  be  positively  locked  in  the  correct 
post  t ier©  I'hey  shall  be  designed  such  as  to  guarantee 
concentricity  with  the  shaft©  Concentricity  shall  be 
checked  when  assembled  to  the  shafts 
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rrnp-?li^r;  xr^  to  be  securely  fastened  to  the  shaft  to 
* TolitMve  axial  or  rotary  motion©  Threading  of 

iv.2 '.o  and  screws  shall  be  of  opposite  hand  to  the 
uo'TDa.  d're.tion  of  rotation  of  the  shafto  The  impeller 
6^>*:ce  shall  be  LOX  compatible  § and  agreed  by 

^ ' t . (C  : the  impeller  shall  be  such  that  the  axial 

' c-'duced  to  the  minim^Mno 

3o4o6  iTipri^cr  disc  stresses  at  the  design  point  shall  not 
ex  -ra  ' :4>  of  the  yield  stresso 

3o^o7  ^ir^i  critical  speed  of  the  pump  assembly  shall  be 

ru,  ^»a7’  dV  above  the  maximom  operating  speed© 

3o4o8  c-a'  for  seal  system  shall  be  finely  ground  and 

Vappv i c * X . niess  steel© 

3o^o9  ohairr  1 ci.i  be  made  of  stainless  steel  to  aSTM  a461 
h'.  and  shall  be  accurately  machined  all  over© 

- cb:';3  be  of  ample  size  to  transmit  the  full 
dr;  -f  r o'i'p  r with  a high  factor  of  safety©  Additionally, 
■h-y  rnirr,  l>r  capable  of  accepting  all  out  of  balance 
leads,  an "lomentSo 

siia.il  be  avoided  in  the  design  of  shafts 
^ . 1.:  j ‘ :.v  witii  regard  lo  roerhods  used  for  fitting 
i ' 'rs  and  inducers  ’a  shaft 

3oAoI.O  r cx  -Tj  d of  the  shaft  shal.^L  include  provision  for  a 
sri/it  ' y.::'.i  :on  monitor  (cog©  Bentley  Nevada  proximity 

prehe.)  o 

3o3  Shaft  Bex  Li- 


3o3ol  The  vea-  materials  or  seals  of  a mechanical  seal  system 
mus*  be  .R'/  compatible©  Silver  filled  carbon  is 
rev;  omnicnu^vi© 

3o5©2  Th*^  des  gr  cf  the  pumps  shall  be  such  that  the  seal  may 
r-ad:  iy  tv  fitted  or  replaced  in  the  event  of  seal 
iaiiu: 6o 

3»5o3  .'i'  be  complete  wear  out  of  the  seal^  the 

design  si'ou  j d be  such  that  there  is  no  steel  against 
steel  rule  (Seal  bellows  should  be  made  from  Grade  63I 
with  a bronze  sleeve  if  necessary  to 
niee  • The  aVove  safety  requ.lrements) © 
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3«6  Flanges  and  Connection^ 

30601  Flanges  shall  be  supplied  on  all  connections  1”  and 
larger o 

30602  Flanges  shall  conform  to  ANS  Bi6o5  or  BSol560« 

307  Bearings 

3o7ol  Bearings  shall  be  designed  for  mfliciLiflum  lifeo  This 
life  shall  include  500  start/stop  cycles  and 
unusual  loading  conditions  such  as  are  obtained 
during  cavitationo 

3o?o2  Two  types  of  bearings  shall  be  used:- 

(a)  Pure  radial  loads  to  be  taken  on  roller  beaurings* 

(b)  Hadial  and  thrust  loads  combined,  to  be  taken 
on^  preferably,  double  row  angular  contact 
bearings o Both  types  shall  have  cages 
allowing  free  ingress  of  lubricant  <> 

3 o 7 « 3 If  t hrus t is  taken  on  the  hi gh  spe e d shaf t the  t hrus t 
bearing  must  be  remote  from  the  cold  endo 

3.7o^  Bearing  housings  shall  be  effectively  sealed  against 
the  entrance  of  water,  dust  and  leakage  of  lubricants 

308  Heat  Break 

3o8o1  This  casing  shall  separate  the  cold  end,  from  the 
gear  box,  if  fitted,  or  from  the  motor  if  direct 
coupled a It  shall  be  very  robust  stainless  steel 
but  designed  to  reduce  heat  conduction  along  its 
arms  to  a mimimumo  A shaft  slinger  shall  rotate 
in  this  space,  the  slinger  being  made  from  bronze, 

3»8o2  a bronze  enclosure  with  a close  shaft  clearance,  shall 
allow  nitrogen  purge  gas  to  be  applied  in  the  gear  box 
end  of  the  heat  break  space, 

3o8o3  The  casing  shall  be  made  from  stainless  steel.  Absolute 
Concentricity  and  squareness  shall  be  obtadned  during 
machining  of  the  spigot  faces.  The  face  abutting  the 
gearbox  shall  be  relieved  to  reduce  metal  to  metal 
Contact,  Tile  space  thus  generated  may  remain  as  an 
air-space. 

The  heat  break  design  must  be  demonstrated  by  the 
Vendor,  by  calculation  (substantiated  by  actual  test) 
to  maintain  the  beanng  running  temperature  at  an 
acceptable  level. 
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3.9  iSpeed  Increasing  Mechanism 
Two  types  may  be  offereds 

3o9ol  Gearbox  - if  this  method  is  used  it  is  preferable  that 
the  gears  are  double  helical  and  tiiat  they  transfer 
thrust  from  the  high  speed  to  the  low  speed  shaft* 

Gear  box  casings  should  be  finned  if  necessary  to  keep 
the  running  temperature  of  the  bearings  between 
' i6°Co  and  60°C. 

If  ordinary  spur  gears  are  used,  then  the  thrust  may  be 
taken  on  the  high  speed  shaft©  (see  para  3o7o5<>) 

Provision  ehould  be  made  to  supply  oil  to  the  bearings  on 
the  high  speed  shaft  and  to  the  tooth  mesh  point©  | 

There  shall  be  a splash  lubrication  system  to  provide 
back-up  for  the  pump  system©  The  system  should  also 
provide  positive  lubrication  to  the  above  mentioned 
points  prior  to  start«up  (ioe©  during  pump  cool  down)© 

The  gear  box  shall  include  an  oil  level  indicator© 

Aluminium,  is  explosive  under  extreme  pressure  with  some 
halogena’^ed  fluorocarbon  lubricants  and  should, 
therefore y be  used  with  caution  as  a bearing  housing 

or  gear  bor.  rasing© 

3 © 9 o 2 Bel  Pulley  Drive 

A preferred  method  of  belt  and  pulley  drive  is  given 
in  Figo  Ic  It  shows  how  a motor  driving  a pulley 
between  pedestal  bearings  can  drive  a pump  through 
a flex'.ble  drive  such  that  no  drive  or  side  thrusts 
are  taken  by  the  bearings  in  the  casing  whi.ch  carries 
"he  pimp  drive  shaft© 

• 

3 , 10  Instrumentation 

The  pump  design  should  cater  for  the  inclusion  of 

(a)  Bhaft  position  monitor  (cof©  3o^ol0) 

(b)  Temperature  monitoring  of  bearing  closest  to 
cryogen.  c end© 

3©  11  Inclination  of  Pimps 

The  pump  is  -interded  for  operating  in  the  horizontal  position 
but  inc-Vinatj  or  o cl  ^ 20^  to  the  horizontal  should  be 
accepted  by  the  pump  without  ill  effect© 
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Iha  high  apaad  shaft  baarlnga  and  tooth  aash  points  (if 
gsap  dPiYsn)  shall  bs  adsquatsly  lubrioatsd,  Ths  bsaring 
tSBpsraturs  during  oooldown  and  running  should  nsTsr  bs 
btlow  ths  pour  point  of  ths  oil  uasd  or  ths  wax  point  if 
grsass  is  ussd.  Hydro<«oarbon  lubricants  nay  bs  used  to  ths 
right  of  ths  barrlsr  in  ths  warn  area  shown  in  Fig,  l but 
IX>X  ooapatlbls  lubricants  nuat  bs  uasd  to  ths  Isft  of  ths 
barrier a i,s«  in  ths  oryogsnio  arsso 

Ths  low  speed  shaft  bearings  nay  bs  hydrocarbon  grsass  or 
oil  lubrioatsd. 

Bsaring  housings,  gearboxes  etc.,  aust  bs  capable  of  operation 
using  ths  following  lubricants  in  ths  oxygen  arsat~ 


Oil* 

Voltalsf  30 

Foablin  ) 

} Monts oatinl 
Fonblin  TU  ) 

Krytox  1^3  kk  ) 

) Ou  Pont 
Krytox  143  AB  ) 


Qrsassa 

Voltalsf  90 
Vluorolubs  QB-362 
Halooarbon  23-3B 


Nu-Trol  Mk.II  Nu  Chen.  Industries  Inc. 

Halooarbon  11-216  Halo carbon  Products  Corp. 

riuorolubs  MO.IO  inhibited  Hooker  Chsaioal  Corp. 


Os^box  running  tsnpsraturs  should  bs  kept  between  I6  and 
60  C in  order  to  reduce  ds-polynsrisation  of  ths  LOZ 
compatible  lubrioants  msatiensd  abors* 
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4o5  Lubrication  to  the  required  points  should  be  guaranteed  for 
the  horizontal  position  - 20^© 

4*6  The  design  should  be  foolproof  as  regards  assembly , particularly 
with  regard  to  alignment  of  oilways  etCo 

5o  PERFORMANCE 


5ol  Head  ^ Capacity  Characteristics 

3olcl  The  puiiip  should  have  a stable  head  - capacity 

characteristic  curveo  The  curve  shall 
indicate  that  the  pump  gives  a stable  delivery 
for  outputs  greater  than  25^  of  the  specified 
duty  point o 

3olo2  The  curve  shall  have  an  abscissa  of  flow  in 

m^/h  with  an  ordinate  of  differential  head  in 
metreso  There  shall  be  an  auxiliary  ordinate 
scale  in  poSoio 

5clo5  The  curve  will  be  plotted  for  the  design  speed, 

but  additional  curves  shall  be  presented 
showing  the  head  - capacity  characteristic 
over  the  possible  range  of  speeds  of  the  pump 
ioep  3v000  rev/min  up  to  maximum  spead  in  five 
or  six  speed  increments o 


5o2  NPSH  ^ Capacity  Characteristic 

3o2ol  Curves  shall  show*  NPSH  as  ordinate  in  metres 

against  flow  as  abscissa  in  mvh  at  the 
design  speedo 

5o2o2  The  NPSH  required  by  the  pump  must,  in  general, 

not  exceed  2 metres o 

5o2o5  The  NPSH  required  by  the  pump  must  not  be 

within  0o5  metre  of  the  NPSH  available  of  the 
system  at  the  specified  duty  point© 
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5»3  Power  «=»  Capacity  Characteristic 

5o3ol  Curves  shall  show  Power  aa  ordinate  in  kw  against 
capacity  as  abscissa  in  mvh  at  the  design  speed. 

5*  3c  2 Maximum  power  requirements  of  the  pump  on  ainy 

operating  point  shall  not  exceed  the  sotor  ossdoad 
condition. 

5o4  ijfficiency  » Capacity  Characteristic 

3»^cl  Curves  shall  show  efficiency  as  ordinate  against  flow 
as  abscissa  in  mvh, 

5*5  General  Performance  Criteria 

The  curves  defined  in  paras.  5.1. * 5.2.,  5.3.  and 
5o4  above  shall  be  applicable  to  the  type  of 
cryogeni.c  liquid  being  pumped. 

5«5«2  Whenever  possible,  the  operating  point  should  be  chosen 
to  coincide  with  the  peak  efficiency. 

6.  TKST  K£g.UIK£MENTS 

Detailed  requirements  will  be  given  in  the  Job  Specification.  Brief 
requirements  are  as  follows s- 

6.1  The  pump  shall  be  subjected  to  hydrostatic  said  mmning  tests 
in  the  Vendors  works  to  the  current  relevant  standards. 

Testing  shall  consist  of  overall  performance  testing 
including  imposed  cavitation  conditions  on  the  appropriate 
cryogenic  liquid  and  establishing  the  shut  off  head. 

6.2  Where  the  estimated  N.P.S.H.  required  by  the  pump  is  within 
2 metres  of  water  of  the  N.P.S.H.  available  of  the  system 
at  the  specified  duty  point,  the  performance  test  at  the 
Vendor^s  works  shall  include  an  N.P.S.H.  test. 

7.  TOOLS 

7c 1 One  complete  set  of  all  special  tools  shall  be  provided.  Where 

more  than  one  unit,  up  to  a raaximxim  of  three,  is  provided  at 
one  location,  one  set  of  special  tools  and  wrenches  per 
location  is  acceptable. 

8.  PROPOSALS 

8.1  Vendor  shall  submit  three  (5)  complete  sets  of  proposals. 
Proposals  shaJl  include  the  following. 

8.2  Informations 
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(a)  Air  Products,  project  or  reference  no. 

(b)  Manufacturers  type  of  designation. 
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(c)  Complete  description  of  offering© 

(d)  Complete  description  of  all  accessories* 

(e)  Vendor  information  pages  of  the  Job  Specification* 

(f)  Comp]ete  list  of  atny  exceptions  taken  to  the 
specification* 

8*3  Characteristic  performance  cvirves  plotting  head,  efficiency, 
kW  absorbed  and  N*P.S*H*  required  versus  output  (see  para*  5 

8*4  Drawings s 

(a)  Preliminary  General  Arrangement  Drawing* 

(b)  Typical  cross  section  drawing  of  the  pump* 

8*5  Spare  part  prices  for  the  following  items; 

(a)  Impeller 

(b)  Inducer 

(c)  Diffuser 

(d)  One  set  of  mechanical  seals 

(e)  One  set  of  casing  wear  rings 

(f)  One  set  of  Impeller  wear  rings  if  fitted 

(g)  One  set  of  bearings  for  pump 

(h)  One  set  of  bearings  for  prime-mover* 

(i)  One  coupling  flexible  member  if  fitted* 


12 


9,  DRAWINGS  AND  INFORMATION 

9*1  Prospective  Vendor  shall  submit  the  number  of  drawings 
detailed  on  the  Job  Specification* 

9*2  General  Arrangement  drawings  shall  includes 

(a)  Air  Products  project  or  reference  no*  and  item  no* 

(b)  Total  weight 

(c)  Weight  of  heaviest  part  for  maintenance* 

(d)  Location  of  centre  of  gravity* 

(e)  Space  required  for  removing  rotating  assemblies* 

(f)  Location  of  all  piping  connections,  drains  and 
plugged  tape* 
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(g)  Size^  "typ®  and  rating  of  all  connecting  flanges* 

(h)  Location  of  electric  motor  terminal  box  and  size  of 
conduit  connection  if  the  electric  motor  is  in  the 
Vendors  supply* 

(i)  Details  of  foundation  bolts* 

(j)  Recommendations  as  to  foundations  required* 

10*  INSPJE3CTI0N 

10.1  All  equipment  furnished  to  this  specification,  including 
auxiliaries  shall  be  subject  to  inspection  by  Purchaser" s 
quality  control  representative.  Purchaser ’^s  representative 
shall  have  access  to  all  facilities  of  the  Vendor  and  his  sub«» 
Vendors,  and  have  access  to  all  drawings,  inspection  records, 
material  specifications  and  tests  to  fully  determine  the 
quality  of  material^  workmanship  and  quality  control 
procedure* 

10*2  Vendor  shall  notify  the  Chief  Inspector,  Air  Products  Limited 
prior  to  hydrostatic  tests,  and  start  of  final  assembly  in 
accordance  with  Job  Specification* 

10.3  Immediately  prior  to  final  inspection,  the  vendor  shall  provide 
a graph  showing  the  head/output  characteristic,  efficiency  and 
absorbed  kW  as  established  on  test, 

10*4  Within  two  weeks  following  shop  performance  test,  Vendor  shall 
submit  six  (6)  copies  of  test  report*  Report  shall  include 
test  log  sheets,  calculated  performance  curves  and  typical 
sample  calculations* 

10*3  Shipment  shall  not  be  made  on  any  equipment  furnished  to  this 
specification  until  approved  by  the  Air  Products  Limited 
Inspector,  or  inspection  has  been  waived  by  the  Air  Products 
Limited  Inspection  Department*  Such  release  shall  not 
relieve  Vendor  of  the  responsibility  to  conform  to  require- 
ments or  material,  specifications  and  workmanship* 

HANDBOOK  OF  OPERATING  AND  MAINTENANCE  INSTRUCTIONS 

11.1  Pump  Vendor  shall  supply  twelve  (12)  complete  sets  of  bound 
Operating  and  Maintenance  Instructions*  Delivery  date  shall 
be  aa  specified  in  the  Purchase  Order* 

11.2  Instructions  shall  cover  pump  and  all  other  equipment  in 
Vendors  supply  and  shall  includes- 

(a)  Sectional  arrangement  drawings  of  all  equipment 
supplied* 

(b)  Recominendations  as  to  type  of  foundations  required* 

(c)  Alignment  tolerance  for  coupling* 
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(d)  Trouble-shooting  table  presenting  possible  troubles 
that  may  develop,  the  probable  causes  of  the  troubles, 
and  the  appropriate  remedies# 

(e)  Specification  of  lubricants  to  be  used,  the  frequency 
and  point  of  application,  and  quantity  of  lubricants 
required  for  initial  charge# 

(f)  Specific  characteristic  curve  of  the  pump,  marked  with 
the  designated  operating  point# 

(g)  Instructions  in  sufficient  detail  to  enable  components 
subject  to  wear  and  failure  to  be  replaced# 

(h)  Instructions  on  adjustments  to  compensate  for  wear 
and  specity  values  and  tolerances  to  be  observed  in 
making  adjustments  or  fitting  replacement  components # 

(i)  Parts  list  as  detailed  in  clause  12# 

llo3  If  publications  are  furnished  which  cover  more  models  of 
equipment  than  actually  supplied,  the  Vendor  shall 
completely  annotate  such  published  material  to  strike  out 
references,  illustrations,  and  data  pertaining  to  any 
irrelevant  equipment# 

H.4  All  literature  must  be  certified  as  accurate  and  complete# 

All  literature  must  be  revised  to  incorporate  the  last 
change  or  modification  performed  prior  to  closing  the 
Purchase  Order  and  final  payment# 

11# 5 All  material  supplied  by  the  Vendor  shall  be  reproduced  in 
a manner  resulting  in  clean  and  legible  text  and 
illustrations#  It  ys  preferred  that  material  submitted  be 
reproduced  on  Ah  size  paper  (297  x 210  mm)# 

11#6  All  literature  must  be  marked  with  Air  Products  Limited 
equipment  Purchase  Order  number  and  charge  number# 

12.  PARTS  LISTS 

12# 1 The  Vendor  shall  supply  with  the  above  Operating  and 

Maintenance  Instructions,  complete  parts  lists  of  all 
equipment  furnished  to  this  specification  including  prime- 
mover,  coupling,  accessories,  special  tools,  and  individual 
parts#  The  manufacturers  part  number  must  provide  positive 
identification  of  the  parts  listed#  '^^he  complete  list  may  be 
made  up  of  Individual  sub-assembly  lists  or  Bills  of  Materials# 
Any  such  lists  must  be  identified  by  a master  list  so  that 
each  part  is  identifiable  as  a component  of  the  main  equipment# 

The  parts  list  shall  specify  the  quantity  of  each  item  used  in 
the  assembly  or  component# 
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12.2 

Common  hardva" 
size^  lengtn. 
head  etCo  T v 
item  has  a pc: 

12.3 

Parts  lists  shi 
secti ona:  dro 
illustratror 
the  parts  l-o: 
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Items  tha^  ' .;:V) 
c tari  ngs  5 mur  ■ 

12.4 

Thie  c omprtet-  ^ 
wb  i oil  1 ‘ nTi-s  f 

12.5 

A separa  t ri' 
pr:.  ces  ^ O : 

PUMP 

Ak^iiil’  ibl  \ / (ID  Pil'  V' 

13.1 

^Ifuanlij  f ;-vo 

''.a;  V^ru.'.'  - 

(•  ] /!  ■ 
Speuit 

Vb)  All  or  - 

(c>  ill  i -o,  . 

US^o 

13.2 

h:ii  ^ - • i - 

(a) 

'Vendors  she  i . 
API:  In gj  V,  e e r i tO 

(b) 

Before  t.he  p.-irro 
be  purged  w:itb 

that  each  itera  in  the  list  ca.n  be  located 


observe  ac  leaei:  the  standards  cf 
cts  set  forth  in  AoP.Ijo  Eng' '"eer^ing 
on  Ao03o 


-7c  ohail  wear  clean  white  Il:r^  free  cloth 
r rrt-'st  be  degreased  and  oxygen  clear  before 


g \ X I.  xxuueuy  ana 

motor  assenibh;  - call  be  seal  welded  in  separate  polythene 
bags  in  earl  - wiicrh  a bag  of  drying  agent  such  as  iiilica  Gel 
has  been  pl:d  The  drying  agent  should  be  of  a type  which 

under goe;S  a colour  change  when  saturated  with  moisture o 
Clear  inst racl should  indicate  which  colour  is  safe  and 
which  Is  to  re  re ;ected  and  replaced  by  fresh  drying  agento 
When  the  lattrT  oc  :.urs,  the  polythene  container  will  also 
require  repia-::r:go 
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1.  RJRPOSB 

®iis  specification  states  Air  Products  minimum  requirements  for 

pressxire  gauges  in  oxygen  sexrvice. 

2.  SCOPE 

2*1  • TMs  specification  applies  to  all  sizes  of  gauges  for  all 
ranges  of  pressure  and  vacuum* 

2*2*  It  applies  to  gauges  supplied  as  part  of  a machine  or  equipment 
by  a vendor  as  veil  as  gauges  purchased  by  Air  Products  direct 
from  a gauge  manufacturer* 

3.  GEWERAL 

3*01*  BSS  1780  will  apply  except  where  it  conflicts  with  other  clauses 
of  this  specification  when  this  specification  will  govern* 

3*02*  The  overall  accuracy  should  be  + 1*0^  of  full  scale  reading 

3*03*  The  data  sheet  or  requisition  will  define  diameter,  pressure 
range,  type  of  mounting,  size  and  position  of  inlet* 

3*04*  Cases  will  be  metal  and  there  will  be  a solid  partition 
between  tube  and  dial* 

3*05*  The  rear  of  the  case  will  be  full  blow  out  back  type  capable 
of  relievancy  pressure  at  5 psig* 

3*06.  The  front  will  be  plastic  or  laminated  safety  glass. 

3*07.  The  inlet  will  be  restricted  to  a maximum  of  *050”  diameter. 

3*08*  Pourd-on  tubes  will  be  bronze  up  to  and  including  1500  psi. 

Tgnm  dial  reading. 

3*09*  Bourdon  tubes  will  be  K-Monel  for  full  dial  readings  above 
1500  psi, 

3*10*  Dials  of  gauges  to  be  marked  ”Oxygen-use  no  oil",  in  red  letters* 

3*11  • (Gauges  must  be  degreased  to  'AA*  standards  of  cleanliness  to 

Spec*  No*  A*03  a label  affixed  to  the  gauge  stating  "Degreased 
for  Oxygen  Service", 

3*12*  If  the  gatfge  is  calibrated  or  pressure  tested  after  degreasing 
only  oil  free  air  or  nitrogen  shall  be  used* 
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kt.  PACKAGING 


4.1  After  degreasing  the  instrument  must  have  all  openings  sealed 
to  prevent  ingress  of  contamination  and  preferably  sealed  into 
a plastic  bag. 

Gauges  must  be  packed  for  despatch  so  that  no  damage  can  occur 
due  to  shock  during  transit. 

5.  CEBTIFICATES  AND  INSPECTION 

5*1  Three  copies  of  test  certificates  must  be  banded  to  our  inspector 
or  sent  to  Air  Products  purchasing  department  before  despatch. 

5»2  Witnessing  of  pressure  test,  degreasing  and  final  inspection  will  be 
made  by  Air  Products  or  their  authorised  x^presentative  in  accordancti 
with  the  job  specification  or  purchase  oilier. 
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1.  PORPOSE 


This  specification  states  the  materials  required  in  pressure 
regulating  valves  and  used  for  oxygen  seirvice. 


This  specification  niust  be  used  in  conjunction  vith  the  job 
specification  and  if  there  is  any  conflict  betireen  this  specification 
and  the  job  specification  the  latter  shall  govern « 

Satag9rx  At 

Duty  - Varm  Sarvic®  -20°P  to  100®P 


HatTial 

(a)  Body  - Bronze,  Aluminium  Bronze,  Brass  or 
Type  316  Stainless  Steel. 

Carbon  Steel  or  Cast  Iron  must  not  be 
used  for  parts  in  contact  or  possible 
contact  vith  controlled  fluid. 


(b)  Diaphragm  • Bronze,  Monel,  Stainless  Steel,  Teflon 

or  Teflon  impregnated  glass. 

Neopr  ene  may  be  permitted.  Spec  must  be 
submitted  to  APL  and  written  approval  obtained. 
Hydrocarbon  material  must  not  be  used. 

(c)  Seat  - Copper,  Brass,  Bronze,  Stainless  Steel 

or  Teflon. 

Nylon  may  be  permitted.  Spec  must  be 
submitted  to  APL  and  written  approval 
obtained. 

Hydrocarbon  material  must  not  be  used. 

(d)  Gaskets  and  Seals.  Copper,  Teflon  or  Klingerit  661. 


Hydrocarbon  material  must  not  be  used. 


Category  B 

Duty  - Cold  Service  -320®P  to  + 100®P 

Material 

(a)  Body  - As  varm  service. 


) 
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(b) 


Diaphragm.  Bronae,  Konel,  Stainless  Steel. 


(c)  Seat 


Teflon,  Teflon  Impregnated  Glass, 
Neoprene  or  Hydrocarbon  material  must 
not  be  used. 

“ Copper,  Bronze  or  Stainless  Steel. 

Teflon,  Nylon  or  Hydrocarbon  material 
Bust  not  bs  ussd* 

(d)  Gaskets  4 Seals.  Copper,  Teflon  or  Klingerit  661. 

Hydrocarbon  material  must  not  be  used. 


■gatagorv  A 4 R 
Degreasing 

Connections 


All  valves  to  be  degreased  to  AA  cleanliness 
see  specification  No.A.03 

Flanged,  screwed  or  socket  welded 
connections  to  be  according  to  PRV  schedule. 
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1 . SCOPE 

All  Relief  Valves  purchased  by  Air  Products  Ltd.,  for  the  above 
duty  shall  conform  to  this  specification  unless  the  vendor  receives 
written  approval  from  the  purchaser  for  axiy  exception.  Where 
conflict  between  this  specification  and  the  applicable  job 
specification  exists  the  job  specification  shall  govern. 

2.  MATERIALS 

a)  Body,  nozzle,  blow  down  ring,  disc,  bonnet  test  lever,  cap 

and  any  other  parts  in  contact  with  fluid  shall  be  carbon  steel 
stainless  steel,  bronze  or  aluminium. 

b)  Spring  shall  be  carbon  steel. 

3.  LIFTING  aSAR 

Standard  open  lever  shall  be  provided. 

4.  NOZZLE  RINGS 

(adjustable)  Single  or  double,  dependent  upon  valve  design. 

5.  GAGS 

Provision  shall  be  made  on  valve  for  fitting  a gag.  Gag  fitting 
shall  be  common  to  all  types  of  valve*  Test  gag  to  be  fitted  to 
each  valve  by  means  of  chain. 

6.  DEGREASING 

This  applies  to  Oxygen  Service,  Relief  Valves  only.  Valves  must  be 
degreased  to  Class  *AA*  Standards.  See  Specification  A. 03* 

7.  CLEANING 

This  applies  to  all  relief  valves  except  those  for  oxygen  service 
or  those  which  could  pass  oxygen  under  upset  conditions  when  clause 
5 of  this  specification  applies. 

a)  All  parts  of  the  relief  valve  must  be  free  of  all  loose 
particles  of  rust,  dust  and  other  foreign  matter. 

b)  There  must  be  no  burrs  or  other  small  slivers  of  attached 
metal  adhering  to  machine  or  cast  parts, 

c)  There  must  be  no  signs  of  grease  or  oil  accumulation  although 
a thin  film  of  light  oil  applied  as  a preservative  is 
allowed. 

d)  The  whole  valve  must  be  visually  clean  when  seen  under  bright 
white  li^t. 
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7.  (continued) 
e) 


9. 


10. 


Valves  must  pass  Cleaning  acceptance  test  class  B, 
See  Spec.  Wo.  A. 01 


8.  TESTING 


nitrogen  at  all  pressures.  The  valve  must  be 
ti^t  with  no  permissible  leakage  rate  at  the  "Re-seat  pressure" 
stated  on  valve  schedule.  The  valve  leakage  at  higher  than  2% 
above  the  *Re-Seat  pressure*  to  be  no  greater  than  5 bubbles  per 
S^^ater^  through  a 5/l6"  bore  tube  covered  by  1"  head 


100^  of  set  pressure 


103^  pr  llOjg  of  set 
pressure  (see  Relief 
Valve  Schedule) 


Re-^et  Pressure 


Tolerance  to  be  within  of 
set  pressure  for  3 consecutive 
pops.  Valves  shall  give  a sharp 
pop  with  no  simmer. 

Maximum  pressure  at  which  valve 
must  be  fully  open  and  delivering 
at  rated  capacity,  (Accumulation 
not  observable  by  inspection). 

The  minimum  pressure  at  which  valve 
must  have  re-seated  after  3 
consecutive  pops  (no  bubbles) 
will  be  the  “Re— seat  Pressure* 
stated  on  valve  schedule. 


BODY  TEST 


Hydraulic  test  shall  be  200^  (minimum  of  set  pressure), 
RAHGBABILITY 

5%  of  set  press\ire  i.e.  the  valve  can  be  set  to  other  pressure 
without  Spring  change  while  above  conditions  are  maintained. 

11  . TEST  CERTIFICATES 

A mechanical  material  and  chemical  analysis  will  be  required  for 
each  valve  and  test  certificates  will  be  required  upon  completion 
of  valves  at  the  time  of  Air  Products  Limited  inspection  visit. 
Test  Certificates  shall  be  kept  on  file  of  Vendor. 

12.  SEALING 

All  valves  shall  be  lead  sealed  (after  inspection)  at  the  set 
pressure. 
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Relief  Valvea,  Warm  Gas  Service, 20^F  100^P- 


13  INSPECTION 


Each  relief  valve  nnist  be  inspected  at  the  vendors  works  before 
acceptance* 


Inspection  will  include  complete  test  of  equipment  performance  as 
specified  on  this  sheet* 
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PURPOSE 

This  standard  states  Air  Products  Ltd^s  rnandatox'y  requirements  for 
hoses  to  carry  cryo^'enic  liquids  under  pressure ^ 


SCOPE 


2.1  These  hoses  are  for  use  between  depot  or  plant  storage  and 
road  tankers  and  other  applications  vriiere  a temporary,  un- 
insulated transfer  of  cryogenic  liquid  is  needed. 

2.2  They  are  for  use  v/ith  liquid  oxygen,  nitrogen,  argon^  carbon 
dioxide  and  natural  gas. 

MATERIAL 


5.1 

Inner  Hose.  Flexible 
close  j;itch  hose. 

austenitic  stainless  steel  corrugated 

5.2 

Outer  Cover  Braided  stainless  steel  covers 
steel  wire  protection  coil  outside  the  braid* 

with  lOg  stainless 

5.5 

Size 

1*^”  nominal  bore 

3**noniinal  bore 

5.4 

Length  O/all 

lO'-O" 

10'-0» 

5.5 

Design  Pressure 

450  psig 

50  ffiig 

5.6 

Working  Temperature 

-520°F  to  +100®F 

-320^F  to  +100^F 

5.7 

Hyd.  Test  Pressure  ^ 

675  psig 

75  psig 

5.8 

Pneu.  ** 

565  psig 

70  psig 

5.9 

End  Fittings 

Stainless  steel  fixed 
(non  swivelling)enda 
Screwed  ly  BSP  Parallel, 
female  for  a depth  of  -g-** 
To  mate  'ivith  APL  hose 
end  fitting  to  drg  STD- 
IGD-374C  o 

Bronze  fixed (non 
swivelling)  end 
SCI owed  3”National 
. Pipe  thread(KPT) 
parallel,  female 
for  a depth  of  1^’ 
to  mate  with  APL 
hose  end  ro  drg* 
STD-IGD-551Cc 

DECONTAMINATION 


401  All  hoses  will  be  degreased  to  oxygen  service  standard  AAo 
See  Specification  No.  A<,03. 

402  After  degreasing  the  ends  shall  be  plugged  to  prevent  con- 
tamination and  the  hose  labelled  **Degreased  for  Oxygen  Service'^ 
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Transfer  Hoses  for  Cryogenic  Liqui.ds 


IDENTI FJCATION 


5.1  The  hose  ends  are  to  be  stamped  with  the  APL  order  number 
and  month  and  year  of  ruanufacture  and  a number  to  identify  ^ 
it  vfith  the  test  certifLcatca . 

TEST  CERTIPICATBS 

6.1  3 copies  of  the  pressure  test  certificate  for  each  hose  re- 
quired  to  be  sent  to  the  Purdiasing  Department « 

6.2  Test  certificate  to  carry  a number  identifying  it  with  the 
hose. 
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1. 


2. 


3. 


PURPOSE 

This  speci lication.  states  Air  Products  requirements  for  a hi^  pressure 
hcse  for  use  with  gaseous  oxygen  within  a temperature  range  of  minus 
20°P  to  plus  100°P. 

SCOHI 

These  hoses  are  for  use  with  gaseous  oxygen  or  any  other  gas  which 
is  incompatible  with  rubber  but  does  not  react  with  P,TcF*B« 


MATERIAL 
3.1 


Flexible  hose  made  from  P«T<»F.B,  with  stainless  steel  braiding 
on  the  outside « 


3.2  Braiding  to  be  bonded  to  the  end  fittings  so  that  hose  is 
electrically  continuous 

3.3  End  fittings  fixed  (non  swivelling)  stainless  steel,  bronze 
or  brass  with  spanner  flats.  Screwed  ‘i’  BSP  taper  female, 

3.4  Size  N/Bore  x 2®-0”  Ig.  overall, 

3.5  Design  3000  poSoi.g,  at  lOO^F 

3.6  Teat  Pressure  hydraulic  4500  p.s,i,g. 


3.7  Test  Pressure  pneumatic  3300  p.s.i.g, 

3.8  Bursting  Pressure  10,000  poS.i.g. 

4.  DECONTAMINATION 

4.1  All  hoses  are  to  be  degreased  to  oxygen  service  standard  AA, 
See  Specification  No.  A. 03. 

4.2  After  degreasing  the  ends  shall  be  plugged  to  prevent  contam- 
ination and  the  hose  labelled  "Degreased  for  Oxygen  Service". 

5.  IDENTIFICATION 

5.1  Each  hose  to  carry  a metal  tag  giving  Air  Prodxicts  order 
number,  month  and  year  of  manufacture  and  a number  ident- 
ifying it  with  the  test  certificate. 

6.  TEST  CERTIFICATES 

6.1  3 copies  of  the  pressure  test  certificate  for  every  50  hoses 
are  required  or  for  every  hatch  ordered  if  less  than  50. 
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1 . P0RP03E 

TtHu  specification  stataa  Air  Products  Linitsd's  requirsBsnts  for 

P.T.P.B.  tape  Tiaed  for  thread  sealing. 

2.  fPBlI 

White  tape  approximately  wide  x .003"  thick  wound  onto  reel*  or 

spools e 

5.  SPBCIPICATIOH  FOR  LIQUID  OR  GASBOOS  QXTGBH  (-300**P  to  4480**P)  SBBglg. 

3.1  The  tape  should  be  generally  as  specified  in  BS4375  “ 1968 
szesptixL^  clause  6,  Residual  lubricant  content » 

3*2  Tbe  tape  must  be  free  from  all  residual  oil,  or  grease  ud 
must  p8U9s  tbe  approval  tests  for  Class  AA  (Oxygen  clean) 
standard  of  cleanliness <,  See  Specification  No.  A*03 

3*3  After  passing  the  acceptance  test  the  tape  should  be  wound  onto 
spools  or  reels  which  clearly  state  ^^degreased  for  oxygen 
service^  and  then  sealed  into  plastic  bags  either  separately  or 
in  batches  of  10. 

4.  SPECIFICATION  FOR  AI*L  SERVICES  (OTHER  THAN  OXIGES)  STATED  IN  STD- 

WHICH  ARE  SUITABLE  FOR  USE  VITtf  P.T.P.B.  TAPE  — 

4.1  P.T.P.E.  tape  should  all  be  in  accordance  with  BS4575  - 1968. 

4.2  The  packing  should  be  vendors  standard. 
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^^§genic  Liquid  HQse  Couplings  for  use  in  the  U>K» 


1.  PURPOSE 

1.1  This  standard  lists  the  sizes  and  types  of  threads  used  on  hose 
couplings  by  Air  Products  to  ensure  that  every  liquified  gas 
has  a different  connection. 

1.2  By  making  all  liquids  have  unlike  couplings  it  will  not  be 
possible  for  contamination  of  tanks  and  tankers,  by  the  introduction 
of  the  incorrect  liquid,  to  occur  by  accidental  means. 

2o  SCOPE 


2*1  This  standard  is  mandatory  and  no  other  threads  or  type  of 

coupling  may  be  used  for  ly”  and  3”  hoses  used  on  Air  Products 
facilities,  depots,  tanks,  or  tankers  without  the  knowledge 
of  the  plant  or  depot  manager  & the  safety  officer. 

2.2  The  only  exception  to  clause ^2.1  is  where  vehicles  of  other 
companies  or  Government  departments  which  use  their  own 
standard  couplings  are  involved  and  the  policy  to  be  adopted 
is  then  at  the  discretion  of  the  plant  or  depot  manager. 


DESCRIPTION 

3.1  All  hose  couplings  take  the  form  of  unions  as  shown  on  Sheet 
»o|. 

3.2  The  nut  and  tailpiece  are  always  attached  to  the  hose  ends. 

3.3  The  male  threaded  part  is  always  attached  to  the  tank  or 
tanker  inlet  or  discharge  point. 

3.4  When  not  in  use  blank  caps  or  plugs  must  be  fitted  to  the 
open  ends  of  couplin^rs  to  prevent  contamination. 

* 3,5  The  threads  and  drawing  numbers  are  shown  on  sheet ^^'5  Ul=> 

RELATED  SPECIFICATIONS  ^ 


4.1  - BS  84  Parallel  Screw  threads  of  whitworth  form. 


4.2  - BS  251  Naval  brass  rods  and  sections. 

4.3  - BS  1104  General  purpose  ACME  Screw  threads. 

4.4  - BS  1490  Wrou^*" aluminium. 

4.5  - BS2779  Fastening  threads  to  B.S.P.  Sizes. 
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Propane  couplings  are  purchased  from  L.P.  Gas  Ltd.,  of  Birmin^am 
and  are  selected  for  a specific  duty  and  mayy  incorporate 
chek-lok  devices,  excess  flow  valves  and  other  safety  equipment 
as  required. 

These  tables  show  only  standard  couplings  in  brass.  Where  other  material 
or  alterative  means  of  attaching  the  couplings  to  the  pipes  is  needed 
special  drawings  will  have  to  be  produced* 
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Tank  or  t-^^u'er 
fi::eu  end 


Gi\SKET 


/ : i ^ I 


v/W'vA^ 


V\A^ 


no'-i:  i'jJi)  TAiLPi:ix:.: 


■’r'.V. 


VVr  • 


mtro^n 


Ar<:oa 


UTG  .V. 


1^”Ko08  2^"Whit.  r..r,  2-^',’yhit  L,H. 

3'*  Hose  'fi"Acne  E.K.  4^"Acrae  L.il. 


2i"  yhlt  R.!I»  2j''Uhit  L.H.  1}"ESPP  R.H. 

iH”Uhlt  R.H.  UIJC  L.H.  4i''Wliit  L.H. 


Propane  (Tanka  up’  to  2 tons)  (Tankc  3 tons  and  over) 
1^'  Acme  * 24"  Acme 


Tha  2^  Whit,  H.H.  male  thread  used  for  oxysen  is  sll^tly  truncated  to 
ensuro  that  the  23-"  RH  female  thread  used  for  Argon  is  unable  to  engage 
even  minutely. 
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title  Kxpcmdod  Por'liLe 


1 . PUl^TOOE 

Thi.'i  Gpcciiication  has  beoi:  prepared  to  provide  vendor  with  Air 
Prodi>ctc>  lainirnuin  requircineni  lor  perlite  used  in  insiilat-i  ri;/;  vessels 
and  pipelines  in  cryc^eiiic  and  oxygen  service. 

2.  GCOri; 


Thxs  s2'Cci lication  ai'plies  to  all  perlite  used  in  cold  boxes, 
spaces  ox  vessels  and  piping'  in  cryo-^onic  li(;uid  cr  «:nseox.^s  service 
bc-lo,;  • 150‘^F^- /oO't  7 

CiixiJi.icAi.  Aiiu  Pir/3iCAL  PACPij;ri’i;i;s 


4. 


5.1  Cor.position  approx.  7cv-  Silica,  approx  lk%  alurrin^a  and  lesser 
aiecunts  ol  divalent  and  ti*.i  valent  oxides. 

5o2  Non  combustible  (l\ision  }>cint  above  loOO^N 

3.3  Free?  froi.i  orp:anic  contaminants . 

Odourless. 


3.5  Insoluble  in  waiter  and  most  acids. 

3.6  pH^  Value  6.3  " 7«5  dc,‘termiaed  by  BS  3S5S  Ft  3 or 

3.7  Bulk  density  a prox.  3 lb*  per  cubic  foot  loose  anu  not  loc: 
than  3p  lb  pex’  cubic  foot  compacted.  See  clause  5* 


3*8  Kax.  Thermal  Conductivity  ‘k-  at  a mean  temperature  of 
32^F  to  be  .23  BTU/ili'/Sq. ft/^F/in. 

5*9  I'ioisture  content  less  than 

5.10  Sieve  Analysis 


S:ic 

:ve 

Retained 

or 

Retained 

on 

Retained 

on 

Retained 

on 

Retained 

or 

Passes 

it'o.  to  BS.  4l0 
25  mesh  (600  microns) 
52  mesh  (5^0  microns) 
100  rnesh  (I5O  microns) 
130  mesh  (103  microns) 
200  mesh  (75  microns) 
200  mesh 


Perce nta^-e  V/ eight  Retained  ^ 
5-10 
25  - 35 
25  - 35 
10  ^ 13 
10  - 15 
5-10 


HYDROCARBON 


CONlAIilNATION 


During  and  after  manufctcture  the  perlite  i/iUst  be  kept  completely  cjcar 
of  any  possible  oil  or  other  hydrocarbons  and  the  manufacturer  ;..ust 
giiarantee  a hydrocarbon  content  of  less  than 
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To  determine  compact  densityo  Place  20  lbs  of  perlite  into  a smooth 
walled  drum  and  note  the  perlite  levelo  Vibrate  the  drum  for  1 minute  ' 
on  a vibratory  floor  or  by  hammering  by  hand  or  mechanically  the  lower  • 
periphery  for  2 minutes o Note  the  perlite  level  and  calculate  the 
densityo 


6o  SHIPPING 

a)  The  preferred  size  of  bags  is  4 cuo  fto  - 8 cuo  fto 

b)  The  perlite  must  be  packed  such  that  the  moisture  content  is 
less  than  0o5/^  v/hen  it  arrives  at  the  delivery  address  and  it 
should  bo  transported  in  enclosed  container  bodied  vehicles 
and  not  open  trucks  with  tarpaulins® 

c)  Bags  must  be  impervious  to  moisture  and  hydrocarbon  contaminationo 


PAGE 


CONT.  ON 


• ENGINEERING 
SPECIFICAnON 


REV  0 

Cover  Sheet 


title  Mineral  \.'ool 


All  Manual  Holders 
All  Piping  ilngineers 
All  Buyers 


0 

ORIGINAL  ISSUE 

2.1.70 

REV 

DESCRIPTION 

DATE 

SECTION  HEAD 

’ DESIGN  MANAGER 

CHIEF  engineer 

F.911 


ALL  INFORMATION  HEREON  IS  THE  CONFIDENTIAL  PROPERTY  OF  AIR  PRODUCTS  LTD  UNLESS  AN< 
SOURCE  IS  SHOWN  AND  IS  SUBJECT  TO  RETURN  ON  DEMAND  AND  MUST  NOT  BE  REPRODUCED  Will 
PRIOR  WRITTEN  CONSENT. 


TITLE  Liineral  Wool 


ENGINEERING 

SPECIFICATION 


No.  N.02 
PAGE  1 
REV  ^ 


CONT.  ON  2 


1.  PURPOSE 

This  Specification  has  been  prepared  to  state  Air  Products 
requirements  for  Hineral  Wool  used  as  insulation  for  vessels 
and  pipelines  in  cryogenic  service. 

2.  SCOPE 

2.1  This  Specification  applies  to  all  mineral  wool 

supplied  in  bulk  for  use  in  cold  boxes  or  ducts. 

^*2  The  equipment  being  insulated  will  be  in  the 
range  +600  F to  ~400^F  and  the  outer  face  of 
the  cold  box  or  duct  at  ambient  temperature 
(assumed  to  be  60  F) 

3 • CIKMICAL  AND  PHYS ICAL  PROPERTIES 


The 

maximum 

percentage 

of 

alumina 

should  be 

20^j 

11 

11 

II 

ft 

silica 

11  ft 

II 

II 

11 

It 

lime 

11  It 

4lfi 

11 

11 

11 

ft 

ferrous 

8c  ferric 

oxide 

11 

11 

It 

11 

magnesia  should  be 

II 

11 

ft 

n 

sulphur 

It  11 

i.e^j 

The  Vendor  is  to  supply  a typical  analysis  of  his 
product  at  time  of  tender. 


3»2  The  moisture  content  shall  be  0*5/^  max.  as  determined  by 
Clause  10.4.1  of  BS  2972  Metiiod  of  test  for  Thermal 
Insulating  Materials. 

3*3  The  oil  content  as  determined  by  Section  16  of 
BS  2972  Supplement  Wo.  1 sliall  not  exceed  0»4^ 

This  is  equivalent  to  the  mineral  wool  having  no 
more  than  8*96  lbs  of  oil  per  imperial  ton  of  fibre. 

3*4  The  wool  shall  not  contain  any  foreign  material 

and  be  free  from  trim  and  off  cuts  of  mineral  wool 
boards,  batts  and  other  products  and  no  fibroids 
materials. 

3*5  The  mineral  wool  shall  be  inert  under  conditions 
of  moisture  or  heat  so  as  not  to  cause  or  promote 
corrosion  to  steel,  copper  or  aluminium.  It  shall 
have  a pH  value  between  7-8.5  v/hen  tested  in 
accordance  with  B.S.  3958  Part  3 or  4. 
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3*6  The  shot  content  measured  as  pellets  retained 

on  a 60  mesh  BS  test  seive  in  accordance  with  the 
test  stated  BS.2972,  Section  l4,  shall  not  exceed  255^* 

3*7  The  wool  must  be  resistant  to  crumbling  when 
compressed  to  a density  of  15  - 20  lb/cu,ft# 
and  capable  of  withstanding  temperatures  ranging 
from  +600  F to  ~400  F with  no  tendency  to  break 
down,  change  form  or  undergo  a physical  or  chemical 
transformation. 

' 3*8  The  max.  thermal  conductivity  shall  be  0.27  BTU/Hr/sq*ft ./^F/i 

when  packed  to  a density  of  approx.  17  Ib/cu.ft*  K to  be 
calculated  at  a mean  temperature  of  32^F  and  tested  in 
accordance  with  ASTM  C 177* 

Vendor  is  to  advise  5- 

a)  Density  to  achieve  K of  0*27 

b)  Compression  required  to  achieve  the  vendors 
stated  density. 

4.  PACKING 


4.1  Ihe  nineral  wool  shall  be  supplied  in  containers 
which  are  impervious  to  moisture  and  hydrocarbon 
contamination  and  resistant  to  puncturing  and  tearing. 

4.2  The  mineral  wool  must  have  a moisture  content  not 
more  than  0.5^j  when  it  arrives  at  the  delivery  address. 

ft  ^ 

4.3  Containers  for  delivery  in  the  UK.  shall  be  56  lb 
capacity  3 ply  paper  sacks  or  equal. 

4.4  Containers  for  delivery  overseas  shall  bo  56  lb  capacity 
3 ply  kraft  paper  with  polythene  liners  or  equal. 
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TITLE 

Insulation  - Preformed  Cellular  Glass  Section  for  Pipelines 

1. 

Purpoam 

This  specif icfiC^ioa  states  Air  Products  Ltdop  mimimum  requiremeAts  for 
preformed  Cellullar  Glass  exteraal  laggimg  material  for  oxygea  pipeliaes 
together  with  the  acceptable  adhesives p sealers  etc. 

2,  Scope 

These  materials  are  suitable  for  a temperature  range  of  -298^  to  -50^ 
for  liquid  and  cold  oxygen  gas  serviceo  They  are  also  suitable  +450^ 
service o ' 

3o  Material 

3*1  All  material  shall  be  foamed  glass  having  calls  containing  non 
combustible  and  non  corroisive  gaSo 

3010*1  Density  91b/cuofto 

30102  Mon  flammable  and  unable  to  support  combustion 

30103  Dimensions  and  Tolerances  to  ASTM  C430-63T  unless  otherwise 
stated^ 

30104  Thermal  Conductivity  K not  greater  than  o38  BTU/hr/ft^ 

/in/^  at  a mean  temperature  of  50^  when  testedi  to 

ASTM  Cl77o 

30105  Compressive  strength  ultimate  1001b/in^. 

30106  pH  value  7o5  to  BSS  3958  Part  3 or  4 

3o2  Acceptable  materifil  Pittsburgh  Comings  •Foamglas*  or  equal. 

4.  ACCESORY  MATERIALS 

4. 1 Contraction  Joint  Insulation 

Contraction  joint  insulation  shall  be  a 1 Ibo  density  fibrous 
glass  blanketo  Acceptable  material  iss 

Johns->Manville  Ltdo  Microlite 

Or  egnalo 

4*2  Insulation  Sealer 


Insulation  sealer  shall  be  a non-shrinking p non-hardening  compound* 
Only  the  following  materia,!  is  acceptable: 

Atlas  Preservative  Company  Poster  30-45 
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4.3  lasulation  Adhesive 

Keeaee  Cement « No  substitutes  permitted. 

4.4  Vapour  Barrier  Jacketing 

Vapour  barrier  jacket  shall  be  a fire  retardant  alumipium  - 
foil  Kraft  paper  laminate  with  a maiimum  perm  rating  of  .02 
and  rated  "non-combustible”.  Acceptable  material  is: 

British  Sisalcraft  Ltd  - Pyrocure  No.  310 

pr  equal. 

4.5  Vapour  Bnrrier  AdhesiTe 

Vapour  barrier  adhesive  shall  be  a fast  dryingp  fire-resistive 
compound.  Acceptable  material  is: 

Atlas  Preservative  Company  Ltd  Poster  Safetee  Ductfas 

adhesive  81  - 99 

Or  equals 

4.6  WeAther  Resistant  Vapour-^larrier  Mastic 

Weather  resistant  vapour  barrier  mastic  shall  consist  of  a tough, 
flexible,  fire-resistive  compound  with  a glass  cloth  reinforcement. 
Acceptable  mastic  is: 


Atlas  Preservative  Company  Ltd 


Or  equal. 


Poster  Pipe  r esistive 
Mastic  60-75 
(Aluminium) 


The  reinforcement  shall  be  openweave  n®ah  (l  o5oz./sq.yd)  glass 
cloth.  Acceptable  material  is: 


Atlas  Preservative  Company  Ltd  No.  10  Glass  Cloth 


Or  equals 


i 


4.7  Metal  Jacketing 

Metal  Jacketing  shall  be  o016"  thick  aluminiuii  with  3/l6"  - 
corioigations  (no  moisture  barrier  required).  Acceptable  suppliers 
are; 

Atlas  Preservative  Company  Ltd  - Atlas  Aluminium  Jacketing 

Or  equal. 
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4.8  Expansion  Joint  Covers 

Expansion  joint  covers  shall  be  1/16”  thick  neoprene  rubber  sheet 
stock  vith  a hardness  of  40  vhen  tested  in  accordance  vith 
ASTH  D-2240c 

4.9  Adhesive  for  Expansion  Joint  Corer 

The  adhesive  for  the  expansion  joint  cover  shall  beone  of  the 
following  materialss 


Atlas  Preservative  Company 


Foster  Neoprene  adhesive 
15-29 


Or  equal 

4.10  Insulation  Banding  Tape 

Tape  for  banding  the  insulation  shall  be  3/4"  wide  reinforced 
fibreglass o Acceptable  material  iss 

a)  Johnp»Manville  - Dutch  Brand  « No«  400  Strapping  Tape 

b)  3M  Company  - Scotch  Brand  - Filament  Type  No«  898 

c)  Or  equal 

4.11  Metal  Bands 

Metal  bai^is  shall  be  l/2"  wide  x .020*^  thick  stainless  steel 
with  hatching  seals o 

4. 1 2 Insulation  Tie  Wire 

Where  specified^  the  wire  for  securing  the  inner  layer  of 
insulation  shall  be  16  SW  gauge  dead  soft  auealed  type  304 
or  430  stainless  steelo 

4. 13  Bore  Coating 

Atlas  Preservative  Company  Ltd.  - Foster  30  - 16. 

No  substitution  permitted p 
5.  Piping  Insulation 

3.1  All  insulation  shall  be  pre-fabricated  using  a mininun  number 
of  pieces  and  using  butt-joint  construction. 

3.2  The  maximum  thickness  of  any  layer  shall  be  three  inches » 

3.3  The  first  layer  of  the  insulation  shall  have  its  inner  surface 
coated  with  bore-coating  material  which  is  allowed  to  dry 
completely  prior  to  application<> 
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6,  Insulation  Thickness 


The  total  thickness  of  insulation  to  be  used  on  each  piping  system 
is  to  be  specified  on  the  insulation  schedule  which  is  supplied  by 
API. 
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FIRE  IN  OXYGEN  LINE 


On  the  28th  August,  I96I,  shortly  after  preparations  had  been  made  to  put  the 
oxygen  cylinder  charging  facility  on  stream,  a fire  originated  in  a stainless 
steel  high-pressure  oxygen  line  at  the  Cleveland  facilityo  The  fire  was  confined 
to  approximately  Ik  inches  of  piping  and  fortunately  there  were  no  injuries  as  a 
result  of  the  firoo 

The  cylinder  charging  facility  was  supplied  by  liquid  product  from  the  tonnage 
plant  by  means  of  a DRI  pump,  a booster  pump  and  a vaporizer o The  system  was 
pressurized  with  oxygen  up  to  the  block  valve  on  the  charging  manifold  and  a few 
seconds  after  the  block  valve  was  opened  a loud  report  was  heard o 

Investigation  of  the  noise  revealed  that  a section  of  the  stainless  steel  line 
between  the  vaporizer  and  charging  manifold  had  ruptured  due  to  an  internal  fire 
in  the  lineo  The  pressure  gauge  on  the  charging  manifold  indicated  55^  psi  after 
the  fir  So  Further  investigation  found  that  the  line  contained  oil  to  such  an 
extent  that,  upon  cutting  the  line,  oil  was  observed  dripping  from  the  cut*  Also, 
a half-inch  mild  steel  rod  was  found  with  the  hexagonal  head  lodged  in  an  elbow o 
The  original  length  of  the  rod  could  not  be  determined  as  the  rod  had  burned, 
contributing  additional  fuel  to  the  burning  oil  in  the  linco  The  soiirce  of 
ignition  may  have  been  a spark  resulting  from  movement  of  the  steel  rod  in  the 
pipeline o 

How  the  rod  and  oil  entered  the  piping  system  is  not  yet  known*  In  any  event, 
the  consequences  of  a contaminated  oxygen  system  are  exemplified  by  the  above 
incident.  All  personnel  associated  with  the  installation  of  air  separation  plant 
equipment  and  oxygen  piping  systems  should  be  constantly  alert  to  prevent  con- 
tamination of  the  system*  The  purging  of  a piping  system  is  essential  to  remove 
weld  slag  and  other  foreign  material  and,  in  addition,  to  detect,  if  possible, 
any  blockage  of  the  system  which  would  be  indicated  by  erratic  movement  of  the 
pressure  gauge  pointer* 
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Accident  at  an  Oxygen  Charging  Manifold 

On  a standard  oxygen  manifold  having  50  filling  points,  manifold 
valves  were  Carl  Esser  ^’Gloria’’  type  fitted  with  rubber  diaphragm 
sealso  Valve  seat  discs  were  made  of  an  unspecified  hard  fibre. 

On  completion  of  cylinder  filling  the  operator  was  closing  one 
particular  manifold  valve.  The  valve  was  almost  closed  wheh  there 
was  a leak  of  GOX  up  the  stem  quickly  followed  by  a blue  flame  and  an 
explosion. 

Subsequent  investigation  indicated  that  the  hand-wheel,  gland  nut 
and  spindle  flew  out  due  to  distortion  of  the  retaining  threads  by  the 
heat  of  the  reaction  and  gas  pressure.  The  rubber  diaphragm  and  seat 
disc  had  apparently  been  consumed  in  the  reaction.  No  personal 
injury  was  sustained.  The  photograph  illustrates  the  damage  sustained. 
(1)  is  an  undamaged  valve  while  (2)  is  the  damaged  valve. 

Recommendations 


1.  In  valves  for  oxygen  service  seat  discs  should  be  ir  nylon.  Gland 
seals  and  diaphragm  should  be  made  of  P.T.F.E. 

2.  If  vendors  propose  other  materials  these  should  be  cleared  with 
Safety  Department  before  acceptance. 

3.  General  engineering  queries  on  valves  should  be  raised  with  either 
MTo  C,H,  Bloom,  Chief  Design  Engineer  or  Mr.  J.  Pegram,  Head  of 
I.G.D.  Engineering. 


I.  Everson 

Chief  Safety  Engineer 
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SAFETY  BULLETIN  NO.  75 


11th  December,  1969 


Accident  Arising  from  Venting  Oxygen  Manifolds 
Connected  to  a Common  Vent  Pipe 


At  an  Air  Products  installation,  two  high  pressure  oxygen  manifolds 
were  coupled  to  a common  vent  pipe.  On  one  occasion  the  supply  valve  to 
one  manifold  gave  trouble  and  it  was  decided  to  dismantle  this  valve  to 
effect  a repair.  The  pressure  in  this  manifold  was  reduced  to  atmospheric 
by  venting  it  through  the  common  vent  pipe.  However,  the  vent  valve  was 
left  open.  Simultaneously,  charging  operations  had  been  completed  on  the 
second  manifold,  which  was  then  depressurised  through  the  common  vent  pipe. 
Since  the  vent  valve  of  the  first  manifold  was  still  open  it  became 
pressurised  with  the  result  that  the  partially  dismantled  supply  valve  was 
subjected  to  a sudden  increase  in  pressure,  causing  the  valve  cap  to  blow 
out,  narrowly  missing  the  operator,  and  smash  a plate  glass  window. 

Despite  peculiarities  of  the  layout  of  this  particular  installation, 
this  accident  would  not  have  occurred  had  the  operation  of  both  manifolds 
been  more  carefully  supervised. 

Recommendations : 

1.  All  high  pressure  Plants  should  be  reviewed  to  ascertain  if 
a number  of  individual  vents  feed  into  the  same  discharge  pipe  or  manifold, 
with  the  possibility  of  accidentally  pressuring  parts  of  Plant  unbeknown  to 
local  operators.  If  this  is  the  case,  Managers  should  issue  written 
instructions  explaining  the  hazard  and  procedure  for  its  prevention. 

2.  Managers  should  verify,  regularly,  that  small  bore  vent  pipes 
are  unobstructed.  This  can  be  done  by  observing  the  response  of  pressure  and 
vacuum  gauges  when  opening  and  closing  valves. 

3*  To  avoid  a recurrence  of  this  accident  it  is  recommended  that 

vent/vacuum  lines  from  all  individual  high  pressure  cylinder  filling  manifolds 
should  be  provided  with  their  own  non-return  valves  immediately  downstream  of 
the  manifold  vent/vacuura  valve. 

Vacuum  gauges  should  be  located  at  the  remote  end  of  the  vent/ 
vacuum  manifolds  as  a precaution  against  possible  blockage  of  vacuum  lines. 

5*  The  attached  sketch  illustrates  the  foregoing  points. 
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6»  T(\ir-  ;n;;ident  illuGtrates  yet  af^ain  the  need  for  wearing 

perrcr:al  protective  e ^■l  ji  i^.meri  safety  helmets  and  safety  glasses,  when 

werk’ng  or.  hign  pres.rn'e  equipment  ^ ev/on  wlien  aj^parently  depressurised. 


I o hverson 

Chief  Safety  Engineer 
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SAFETY  BULLETIN  NO.  102  8th  February  1971 


MORS  ACCIDENTS  ON  OXYGEN  EQUIPMENT 


Two  accidents  involving  oxygen  equipment  (not  A.P«L.)  have  been  reported 
recently  in  the  press® 

Accident  1 


At  an  oxygen  cylinder  filling  depot  a workman  had  been  instructed  to  rectify 
a leak  from  the  lid  of  a carbon  steel  drier  vessel  operating  at  about  2500 
poS.ipgo  The  escaping  oxygen  produced  a cooling  effect  resulting  in  the  lid 
and  the  top  of  the  vessel  being  covered  with  frost®  Without  heeding  the 
phenomenon  or  isolating  and  depressvirising  the  vessel  the  workman  proceeded 
to  tighten  nuts  on  top  of  the  lid®  Without  warning  the  lid  of  the  vessel 
blew  out  killing  the  workman® 

The  accident  was  due  tos- 


lo  The  carbon  steel  lid  becoming  brittle  due  to  the  low  temperature 
created  by  the  escaping  oxygen® 

2e  Tightening  a joint  while  still  under  high  pressure® 

Accident  2 

At  a steelworks  an  operator ^ contrary  to  instructions,  suddenly  opened  a 
valve  in  a 600  p®Soi*  oxygen  line®  The  sudden  recompression  of  the  gas 
downstream  of  the  valve  caused  a high  temperature  which  ignited  a filter 
\mit  causing  extensive  damage  to  the  plant® 

Recommendations  g 

la  Carbon  steel  components,  particularly  when  pressurised,  must  not  be 
allowed  to  operate  at  dangerously  low  teraperat\ires  &s  inculcated  by 
heavy  frost  build-up®  Otherwise  a brittle  fracture  may  occur  with 
serious  consequences®  It  should  be  noted  that  stainless  steels, 
alximinium  alloys  and  copper  alloys  axe  not  embrittled  by  low  temperature® 

2®  Leaks  in  equipment  subjected  to  high  pressures  must  NOT  be  rectified® 
Equipment  must  be  depressurised  before  attempting  repair  work® 

3®  Valves  in  high  pressure  oxygen  equipment  must  be  opened  slowly® 

Otherwise  sudden  recotnpression  of  oxygen  downstream  of  such  valves 
can  create  dangerously  high  temperatures®  Also  rapid  valve  opening 
can  cause  transient,  very  high  oxygen  velocities  which  can  create 
dangerously  high  temperatures  due  to  friction® 


I.  Everson 
Chief  Safety  Engineer 
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BURCKHARDT  OXYGEN  COMPRESSOR  FIRE  AT  SSPC  HOGNAC  PLANT  V2/71 
(abstracted  from  report  JSI/NB  - 1293  by  J,S.  LAWBA) 


1*  Introduction 


The  oxygen  compressor  in  question  was  a three  staige  machine  built  by 
Burckhardt*s  Switzerland  in  19^8. 

The  compressor  cylinders  were  lubricated  with  water*  This  water  was 
teiken  from  a closed  circuit  used  for  cooling  a number  of  machines « including 
air  compressors,  etc*  This  water  was  cooled  in  an  edr  cooled  heat  exchanger* 
To  reduce  the  sludge  accumulated  in  this  circuit  a filter  had  been  installed 
in  1970*  This  filter  had  been  out  of  service  following  severe  frost  at  the 
beginning  of  January*  Water, taken  from  this  circuity  passed  through  a 
demineralising  vessel  and  arrived  at  the  compressor  through  a copper  pipe, 
6-8  millimetres  dia.  having  passed  through  several  bends  and  valves*  The 
compressor  motor  power  was  65  Kw  and  was  supplied  by  three  phase  volts 
supply  and  operated  at  1,000  rop*m.  It  was  suitable  for  continuous  service 
and  was  of  the  totally  enclosed  variety*  This  compressor  had  been  in  service 
at  the  Meirseilles  plant  for  a number  of  years  and  was  moved  to  the  Rognac 
plant  during  1970,  and  commenced  operation  about  November  1970*  After  about 
one  week  of  intermittent  operation  the  compressor  suffered  a sudden  outbreak 
of  fire  in  its  third  stage*  This  was  attributed  to  a steel  skirt  which  was 
subsequently  replaced  by  bronze  in  late  January • On  the  3rd  February  the 
compressor  was  started  up  and  after  two  hours  operation  a leak  was  detected 
at  the  third  stage.  The  machine  was  then  stopped  for  examination*  The  third 
stage  of  the  compressor  was  then  stripped  down  and  had  replacement  fibre 
piston  rings  fitted*  The  last  strip  down  and  reassembly  of  the  piston  in  the 
third  stage  cylinder  to  change  the  piston  rings  before  the  incident  were 
carried  out  under  normal  conditions*  The  various  components  were  carefully 
degreased  with  trichloroethylene  and  then  dried  before  reassembly*  The 
compressor  was  then  reassembled,  taking  slLI  normal  precautions  and  on  the 
3rd  February  the  machine  was  started  up*  After  about  ten  minutes  operation 
the  third  stage  delivery  pressure  was  about  135  bars  when  the  compressor 
commenced  to  vibrate  abnormally*  A flash  was  then  seen  at  the  upper  paurt  of 
the  cooling  jacket,  flames  then  begem  to  play  on  the  third  stage  piston  rod 
and  the  operator  in  descending  from  the  platform  adjoining  the  cooling  jacket, 
struck  a tool  box  and  hurt  himself  * He  was  also  burned  about  the  forearms  and 
face*  The  compressor  motor  was  quickly  switched  off*  The  fire  was  got  under 
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control  as  soon  as  the  purge  bottle  was  emptied  in  about  three  minutes • 

2.  Damage  Sustained 

The  third  stage  deflector  and  piston  rod  were  damaged  by  fire.  The 
upper  part  of  the  third  stage  cylinder  piston  rod  was  burnt  away.  Valves 
were  destroyed,  the  third  stage  cylinder  liner  was  burnt  and  severely,  the 
cylinder  head  was  damaged,  studs  securing  valves  had  been  flame  cut,  piston 
and  fibre  piston  rings  burnt,  the  third  stage  auction  piping  had  been  burnt 
over  20  centimetres. 

Probable  Causes  of  the  incident 


3.1  The  low  pressure  suction  piping  system  including  vessels  were  made  of 
ordinary  steel  and  it  is  possible  that  a piece  of  rust  from  this  source 
entered  the  compressor. 

3*2  It  is  possible  that  the  flow  of  cylinder  lubricating  water  at  the 

moment  of  the  incident  was  insufficient  and  perhaps  this  water  contained 
organic  particles. 

4.  REiCOMMmDATIONS ; 

4.1  Essential  recommendations  include: 

(a)  The  installation  of  a filter  or  strainer  in  the  suction  pipe 
to  the  first  stage. 

(b)  For  lubricating  the  cylinders,  use  distilled  water  from  any  other 
source  giving  water  of  the  same  quality,  such  as  demineralised 
mains  water. 

(c)  It  is  proposed  to  be  able  to  visually  inspect  the  water  flowing 
through  a glass  section  illuminated  by  a light* 

4.2  Desirable  recommendations  include: 

(a)  To  purge  the  compressor  suction  piping  with  a gas  having  the 
same  diryness  as  the  oxygen  intended  for  the  compressor* 

(b)  During  start  up  use  nitrogen  in  the  compressor  and  close  all 

valves  successively.  ^ 

Install  a non-return  valve  after  the  third  stage  to  avoid  back 


(c) 


Safety  Bulletin  No>  107 


Sheet  3 


14.4.71 


(d)  Install  a decompression  valve  between  the  third  stage  and  the 
proposed  non-return  valve. 

(e)  Install  a conveniently  located  suction  valve  before  the  first  stage 
to  be  immediately  closed  in  case  of  a compressor  accident. 

(f)  Install  a pressure  recorder. 

(g)  Remove  the  pressure  gauges  from  the  compressor  auid  install  these 
in  the  machine  room. 

Additional  Comments  by  A.P.L.  Safety  Department 

This  compressor  was  being  used  for  cylinder  filling.  It  is  of  obsolete 
type  not  used  by  A#P.L.  Nevertheless  useful  lessons  can  be  learned  from  this 
incident  which  illustrate  yet  again  the  need  for  scrupulous  attention  to 
cleanliness  and  detail  on  all  oxygen  eqxiipment* 


I#  Everson  (Safety  Department 
tJ.S.  Lanba  (S.S.P.C.) 
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SAFETY  BULLETIN  NOo  114 


FAILURE  OF  BRAZED  JOINTS  IN  HIGH  PRESSURE  GASEOUS  OXYGEN  LINE 
AT  A CYLINDER  FILLING  DEPOT 


Recently  at  one  of  our  loQoDo  Depots  oxygen  cylinders  were  being  filled 
at  their  manifold o When  the  pressure  reached  about  2000  poS«i«  a loud  explosion 
was  heard  followed  by  a rapid  escape  of  high  pressure  gas»  Inrestigation 
rerealed  that  the  damage  occurred  in  the  gas  line  between  the  LOX  ambient  and 
steam  Taporisers  and  downstream  of  the  latter  o Three  brazed  joints  failed  due  to 
pipes  pulling  out  of  sockets  into  which  they  had  been  brazed©  It  appeared  that  the 
initial  failixre  was  at  the  outlet  to  the  aunbient  Taporiser©  The  escaping  hj  gh 
pressure  gas  then  caused  this  pipe  to  whip  violently  causing  the  failure  of  the 
second  joint©  As  this  pipe  was  clipped  to  the  outlet  pipe  from  the  steam  heated 
vaporiser  this  too  had  been  dislodged  and  had  wound  itself  in  a three  turn  coil 
about  an  adjacent  pipe©  A section  of  pipe  about  5 ft©  long  was  found  about 
20  yards  away  where  it  had  struck  the  wooden  office  building  causing  some  damage  © 
Another  section  of  pipe  about  10  fto  long  was  found  on  the  ground  nearby  o The 
metal  jackets  protecting  insulation  on  adjoining  pipes  had  been  struck  and 
damaged  by  these  pipes  when  in  violent  motion  and  also  a support  bracket  bad 
been  snapped  off  and  had  fallen  to  the  ground©  Fortunately  no  one  was  injured# 

The  back  flow  of  gas  from  the  cylinders  and  manifold  were  quickly  arrested  by 
the  valve  at  the  manifold  inlet  which  closed  once  the  pressure  had  decreased  to 

1000  poS©i» 

Examination  of  the  three  failed  joints  indicated  poor  quality  brazing  with 
lack  of  penetration©  In  some  instances  pipes  had  been  held  together  only  by  a 
combxnation  of  friction  and  the  external  fillet  of  braze  meteGL© 

Shortly  before  this  incident  the  ambient  vaporiser  had  been  solvent  washed  whan 
the  outlet  gas  pipe  had  been  unbrazed  to  enable  solvent  to  be  introduced  to  the 
vaporiser©  Unfortunately 9 this  joint  having  been  brazed  after  solvent  washing  was 
never  pressure  tested  as  otherwise  the  poor  quality  brazing  would  have  been 
revealed  at  that  timeo  This  joint,  probably  failed  first©  The  attached  photographs 
Illustrate  the  foregoing© 

RECOMMENDATIONS  g 

1©  All  high  pressure  gas  and  liquid  piping  must  be  adequately  pressure 
tested  before  going  into  service  and  after  modifications  involving 
remaking  joints© 
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2*  ^Igh  pressure  gas  piping  should  be  secured  by  brackets  at  interrals 
so  that  should  a Joint  fail  dangerous  whipping  of  the  pipe  can  be 
prerented» 

3*  Greater  care  must  be  taken  in  brazing  Joints  as  these  are  not 

subjected  te  non-destructire  testing  so  that  a defeetive  Joint  cannot 
be  easily  deteoted^^  Special  attention  must  be  given  to  ensuring  that 
the  brazed  components  are  correctly  dimensioned  and  cleanliness  te 
ensure  that  the  molten  braze  metal  will  be  drawn  by  capillary  action 
into  the  annular  gap  between  the  two  components  to  be  brazed* 


E*  Gillott  (I*Q*I)*  Engineering) 
I*  Everson  (Safety  Department) 
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SAFETY  DEPARTMENT  REPORT  NO.  l6 


PRELIMINARY  REPORT  ON  ACCIDENT  AT  ZELZATE 
PLANT  26th  FEBRUARY  I969  WHEN  AN  EXPLOSION 
AND  FIRE  OCCURRED  IN  BURCKHARDT  CENTRIFUGAL 
LOX  PUMP,  TYPE  GBllU,  NO.  29224 


I.  Everson 
P.  Cook 

28  FEBRUARY  I969 
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SAFETY  DEPARTMENT  REPORT  NO.  26 


REPORT  ON  EXPLOSION  OF  LOX  PUMP  ON  TANKER 
UOO-11,  7TH  JANUARY,  1970  AT  JOHN  SUMMERS’ 
STEEL  WORKS,  SHOTTON.  PUMP  TYPE  GBllU, 
SERIAL  NO.  79 


B.  J.  Croxford 
I.  Everson 
R.  Naylor 

15  JANUARY  1970 


DOCUMENT  NOT  AVAILABLE  FOR  GENERAL  DISTRIBUTION 


5th  :;970 


Tos  Dr 8 Bo  Bpmeer:  DoC^  Heads  Mo  Hransi  Miss  Do  Adjutors  Jo  Ro«6,  M,  West, 
Ko  Howie tt«  Vsklkdens  Jo  Xngraa^  Acrerairo 


SAFETY  DSPARTHEWT  REPORT  NOo  30  (Preliminary) 


Accident  at  To  Turner  Ltdo«  Park  Lans^  Roy  ton,  OldhaB^  Lancso, 
no40  ao«o,  SaturdaTi  2nd  May  1970 o 

An  oxygen  cylinder  supplied  by  the  Walkden  Depot  waa  being  prepared  for 
attachment  to  a profile  cutting  machine  at  this  fi.rmo  Mto  No  Woodward  aged 
42  of  5 Mellor  Street,  Royton,  began  to  unscrew  the  cylinder  cap  when  it 
suddenly  eiqploded  into  three  piecesj,  one  of  which  struck  his  left  hand  resoving 
nost  of  ito  Subsequently  the  remains  of  the  hand  were  amputatedo  Mi*o  Ro  Smalley 
aged  26  of  294  Turn  Lane«  Roytont>  profile  machine  operator,  suffered  face  and 
chest  injurieso  Howerer,  his  condition  is  stated  to  be  "not  serious"  o 
Mto  Jo  Ingram,  Industrial  Safety  Officer and  M«  West,  Sales  Engineer,  Valkden, 
visited  the  premises  on  Tuesday,  5th  Kayo  They  interviewed  Mto  To  Turaer, 
Managing  Director  of  the  Company o Kto  Ingram  asked  him  whether  there  was  any 
sound  of  escaping  gas  while  the  cap  was  being  unscrewedo  The  reply  was  negativeo 
Subsequently,  when  talking  to  a police  officer^  the  latter  stated  that  in 
Mto  Turner" 8 statement  to  him  he  stated  that  escaping  gas  had  been  heard  before 
the  accident  o 

The  remains  of  the  cylinder  cap  were  inspectedo  This  cap  was  provided  . 
originally  for  the  Celor  Qaa  Company  and  darrte  the  Company  sameo  This  cap  is 
of  integral  construction  and  appeai^s  to  be  made  of  wrou^t  irone  It  was  not 
provided  with  a vent  holeo  Mto  Turner  had  no  knowledge  of  idiether  or  not  the 
cap  mm  fitted  to  the  cylinder  on  receipt  from  the  Air  Products  driver  o He 
stated  that  his  firm  does  not  use  calor  gas  bat  does  use  propane  purchased 
from  APL  Walkdeuo  He  said  that  caps  similar  to  that  which  ejqploded  had  never 
been  used  on  hie  premises  and  that  he  is  at  a coiqplete  loss  to  account  for  ito 

Further  investigations  were  conducted  at  Walkdeno  Up  to  the  time  of  writing 
this  report  no  one  has  any  knowledge  of  this  csqpo  However,  Mr<>  Ingram  found 
a similar  cap,  albeit  containing  a vent  hole,  in  the  cylinder  fill  building o 
No  expismation  wsus  forthcomii&g  to  account  for  the  presence  of  this  capo 

The  oxygen  cylinder  and  valve  were  in  good  eonditlcau  The  cylinder  was 
last  pressure  tested  in  January,  1970o  and  its  paintwork  was  in  reasonably  good 
condition  so  that  there  is  no  doubt  about  the  fact  that  It  did  oentain  oxygen« 
However,  as  a precautionary  meesure  Mr<»  Ingram  is  despatching  tbs  cylinder^  to 
Stoke  to  have  its  contents  analysedo 

It  should  be  noted  ttnet  the  threads  of  the  cap  are  identical  with  those 
on  the  cylinder o However^  tlM  cap  cannot  be  fully  screwed  hone  because  its 
length  is  such  that  It  fdnlm  tte  valve  before  all  threads  are  fully  engagedo 
Harks  on  the  valve  faniWidhMl  and  on  thm  interior  of  the  strongly  suggest 
that  the  two  were  ctetecto  Tmts  with  the  cap  refearred  to  \ito±ch  was  fouhd 
at  Walkden  and  otter  gam  cylinders  indicate  that  it  is  poseible  for  the  cap  to 
be  in  contact  wi^  cylinder  band^teelso 

Walkden  staff  teiTe  been  requested  to  check  all  valve  caps  to  ensure  that 
they  arc  all  vented  to  prevent  a repetihLan  af  this  merious  accidento 
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Further  laTeati^ticms  are  la  hand  daring  idiicli  Mr«  Ingres  eill  interview 
the  driTer  who  delivered  the  cylinder  in  qfaestion  to  Nesarso  Tamers  * presiseB 
and  all  cyldLnder  bay  operators  in  an  attempt  to  account  for  the  calor  gas 
cylinder  cap  which  at  the  present  time  cannot  be  accounted  for« 


lo  Eversony 

Chief  Safety  Engineer o 


SAFETY  DEPARTMENT  REPORT  NO.  51 


REVISION  1 

11.2.71 


Investigation  of  Valve  Fires  at  Texas  Instruments  Ltdo 
Bedford e 


lo  Introduction 

Up  to  Friday 5 22nd  May  Texas  Instruments  Ltdg  used  oxygen  provided 
by  BOCo  This  was  stored  in  a conventionsJ.  cryogenic  tanko  On  Friday 
night  at  normal  fini^shing  time  the  oxygen  tank  was  valve d off  and  dis« 
connected  from  the  pipeline  prior  to  an  APL  I25M  tank  being  installed <> 
Texas  Instruments  also  uses  other  industrial  gases  eog*  nitrogen^ 
hydrogen  and  assorted  speciality  gases « 


2o  CirciUDstances  Stxrroundlng  the  Accident 

During  the  holiday  between  the  23rd  and  26th  May  our  125M  tank 
(max.  working  pressure  245  psig)  was  installed  in  position  and  filled 
from  one  of  our  road  tankers.  On  opening  up  the  stop  valve  to  allow 
gaseous  oxygen  to  pass  into  the  house  line  it  was  observed  that  an 
excessive  flow  rate  resulted  causing  frosting  up  of  certain  components . 
The  causes  of  this  excessive  flow  rate  were  then  investigated  during 
which  three  stop  valves  in  oxygen^  nitrogen  and  hydrogen  lines  were 
found  to  be  badly  damaged  by  fire  and  also  a pressure  reducing  valve 
supplying  oxygen  to  a furnace  some  twenty  jaxde  away  was  also  badly 
damaged  by  fire.  It  is  not  known  when  the  fire  took  place  nor  whether 
the  various  valves  concerned  were  damaged  by  fire  simultaneously  or  in 
sequence o Heplacement  valves  were  then  fitted ^ subsequent  to  which  all 
equipment  has  functioned  correctly  without  further  incident. 


Results  of  the  Investigation  Carried  Out  on  Friday o 3th  Junsp  1970 

3®1  The  investigation  was  conducted  by  Brian  Coleman p Assistant  Plant 

Engineer 0 Texas  Instrument s^  Jim  Shea^  District  Technician^  Edmonton » 
and  the  writer.  During  the  course  of  this  meeting  brief  discussions  were 
also  held  with  Pat  Fitzgerald^  Safety  Officer^  and  Bill  Richardson^  Chief 
Security  and  Fire  Officer. 

302  A schematic  flow  sheet  depicting  points  relevant  to  the  incident  is 
attached. 

303  Although  instructions  were  issued  to  all  depairtmental  managers  and 
other  supervisors  to  shut  off  all  valves  prior  to  finishing  work  on 
22nd  May  it  was  apparent  from  discussions  held  with  several  persons  that 
this  instruction  had  not  been  observed  and  therefore  it  is  possible  that 
a number  of  valves  were  left  open  during  the  holiday  weekend. 

304  From  a cursory  inspection  of  the  plant  in  the  factory  it  was  obvious 
that  great  use  is  made  of  screwed  joints  in  pipelines  in  the  interests 
of  plant  flexibility  since  it  is  necessary^  for  production  reasons^  to 
move  items  of  plant  from  one  department  to  another  at  short  notice.  All 
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these  screwed  joints  were  possible  leak  points  and  it  appears  that  little 
attempt  was  made  to  leak  test  themo  A number  of  stop  valves  of  the 
Saunders  type  are  used  in  various  gas  lines o In  these  valves  bonnets 
are  screwed  to  bodies  but  it  is  impossible  to  be  certain  that  maintenance 
was  sufficiently  rigorous  to  be  sure  that  some  of  these  screws  had  not 
worked  loose  resulting  in  leakage  o 

3*5  On  bonding  machines  oxy«hydrogen  burners  are  provided®  Apparently 
no  shut  off  valves  were  provided  in  the  lines  feeding  these  burners o 
Reliance  was  placed  upon  non— return  valves  and  also  flash  back  arresters 
in  the  hydrogen  lines®  The  non-return  valves  employed  metal  to  metal 
seats  and  it  is  known  from  experience  elsewhere  that  such  valves  are  ine- 
ffective at  low  pressures o The  various  furnaces  in  the  factory  ao:*e  never 
switched  off  for  operational  reasons  and  during  the  weekend  in  question 
the  two  relevant  furnaces  were  known  to  be  left  running  at  red  heat® 

306  The  oxygen^  hydrogen  and  nitrogen  stop  valves  were  the  Saunders  type 
with  rubber  diaphragms  held  together  by  screws®  The  severity  of  damsige 
decreased  progressively  from  oxygen  to  hydrogen  to  the  nitrogen  valve® 

In  the  first  two  cases  the  rubber  diaphragms  were  completely  burnt  away 
whereas  in  the  nitrogen  valve  the  diaphragm  showed  signs  of  overheating 
round  its  edges  but  was  substantially  intact®  In  the  case  of  the 
pressure  reducing  valve  V4p  the  rubber  diaphragm  was  completely  consumed^ 
otherwise  the  damage  was  limited® 

307  The  factory  roof  is  constructed  in  the  form  of  dooeso  Hydrogen  leaking 
from  eqxiipment  can  collect  in  these  domes  and  there  is  no  easy  method  of 
escape  since  no  ventilation  is  provided  at  high  level®  Furthermore ^ 

the  lighting  in  that  area  is  of  standard  commercial  variety® 

308  The  hydrogen  piping  is  not  given  any  distinctive  colour  so  that  on 
most  parts  of  the  plant  it  is  indistinguishable  from  other  process  pipes® 


The  most  reasonable  expliination  of  the  incident  is  as  follows®  It 
can  be  fairly  assumed  that  the  hydrogen  house  line  stop  valve  was  left 
open^  so  that  all  hydrogen  lines  were  pressurised  to  the  house  line 
pressiire  of  about  150  psi®  It  is  quite  likely  that  some  hydrogen  therefore 
found  its  way  into  the  burners  of  the  bonding  machines®  Due  to  the  fact 
that  the  oxygen  lines  were  depressurised  from  the  time  the  BOG  tank  was 
removed  and  the  APL  tank  came  on  stream  the  possibility  existed  that 
hydrogen  then  passed  into  the  burner  chambers  and  some  of  it  found  its  way 
past  the  non-return  valve  into  the  oxygen  line  eventually  building  up  a 
pocket  of  hydrogen® 


When  the  oxygen  house  line  was  pressurised  from  our  tank  a combustible 
oxygen/hydrogen  mixture  then  passed  into  the  general  products  furnace  and 
the  ICD  furnace®  As  the  furnaces  were  running  at  red  heat  the  emerging 
oxygen/hydrogen  mixture  ignited^  a flash  back  occurred  through  the  pipes 
despite  the  presence  of  the  flash  back  arrester  and  eventually  to  the 
region  of  the  stop  valve  V3^  which  might  well  have  been  left  open®  ^e 
burning  mixture  then  ignited  the  diaphragm  which ^ in  the  presence  of  the 
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incoming  supply  of  oxygen  ^ would  have  burned  vigorously  o The  flames  from 
this  valve  then  ignited  the  diaphragm  of  valve  V2  in  the  hydrogen  lines 
again  a vigorous  fire  occurred  due  to  the  presence  of  both  hydrogen  and 
escaping  oxygen  o In  turn  the  fire  from  the  diaphragm  of  V2  then  damaged 
the  diaphragm  of  VI,  Meanwhile^  a similsor  event  was  occurring  with  valve 
V4e 


5«  Recommendations 


5ol  Each  bonding  machine  burner  should  be  provided  with  effective  non-return 
valves  employing  resilient  seals • Valves  similar  to  those  provided  in 
welding  torches  are  known  to  be  effective  and  are  recommendedo 

^•2  Individual  gas  lines  feeding  bonding  machine  burners  should  be  provided 
with  stop  valves o 

3o3  If  it  is  felt  that  staff  cannot  be  relied  upon  to  close  manual  mlves 
then  suitable  automatic  valves  should  be  provided  which  will  close  once  the 
system  pressure  falls  below  some  predetermined  value o The  stop  valve  in 
the  hydrogen  line  to  the  burners  could  be  actuated  automatically  by  low 
oxygen  presstireo 

5o4  Joints  in  hydrogen  lines  should  be  welded  wherever  practicableo 

All  screwed  demountable  joints  in  hydrogen  lines  should  be  pressure 
tested  regularly  and  any  joints  made  and  broken  frequently  eogo  those 
associated  with  machines  which  are  frequently  moved^  should  be  soap  and 
water  leak  tested  every  time  a joint  is  disturbed  <> 

5*6  All  hydrogen  lines  should  be  painted  a distinctive  colour  eog»  red^ 
to  draw  the  attention  of  operations  and  maintenance  staff  to  them^,  thus 
emphasisiitg  the  need  for  special  care  with  respect  to  hydrogen  axid  other 
combustible  gases o 

507  To  alleviate  the  risk  of  hydrogen  explosions  due  to  hydrogen  collecting 
in  the  domed  roof  ^ each  dome  should  be  provided  with  an  open  ventilator 

to  allow  escaping  hydrogen  to  pass  harmlessly  to  atmosphere* 

508  The  effectiveness  of  the  flash  back  arresters®  with  hydrogen/oxygen 
mixtures  both  up  and  down  streaiB®  should  be  verifiedo 


Further  Recommendations  Resulting  from  Visiting  the  Hydrogen  Storage  Area 

5o9  It  should  be  established  that  the  hydrogen  storage  area  can  be  sprayed 
with  copious  quantities  of  firefighting  water* 

5010  An  extra  stop  valve  is  required  in  the  line  between  the  pressure 
reducing  cabinet  and  the  bank  of  reserve  cylinders  so  that  if  one  or 
other  is  rendered  inaccessible  by  fire  then  the  other  valve  can  be  used 
for  quickly  shutting  off  the  flow  of  hydrogen© 

5 011  Hydrogen  trailer  earthing  arrangements  are  important  and  care  should 
be  taken  to  ensure  that  the  earthing  clip  is  not  rusty  and  operates  freely 


and  is  properly  secured  to  the  earthing  cable  which  must  be  correctly 
earthed  at  its  other  endo 

5012  Arrangements  should  be  made  so  that  the  pressure  reducing  cabinet 
doors  can  be  secured  in  the  open  position  so  that  in  the  event  of  a fire 9 
water  can  be  sprayed  directly  on  to  equipment  housed  in  the  cabinet* 

5013  To  assist  supervisory  staff  in  obtaining  a better  awareness  of  the 
hazards  of  indxxstrial  gases  APli  Safety  Department  should  visit  Texas 
Instruments  Ltd*  and  give  its  standard  lecture  and  demonstration  to 
supervisory  staff  to  illustrate  hazards  and  necessary  safety  precautions 
concerning  oxygen 9 hydrogen  and  other  fuel  gases*  All  Texas  Instruments 
supervisory  staff  concerned  with  these  gases  should  be  invited  to  attend 
together  with  the  Safety  and  Security  Officer  andp  if  practicable,  members 
of  the  local  Fire  Brigade* 


lo  Everson^ 

Chief  Safety  Engineer* 


\toti(Mnc^  ineichinf 
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!•  Introduction 


The  oxy-fuel  burner  and  ancillary  equipment  was  mounted  on  top  of  a 
re-melt  furnace  at  the  Alcan  Booth  Works  in  early  1970 • Since  that  time 
commissioning  has  been  carried  out  to  overcome  certain  teething  troubles. 

A successful  run  was  carried  out  on  the  morning  of  l8th  May  1971 » a subsequent 
run  commencing  at  about  1915  hours  was  terminated  by  an  explosion  and  minor 
fire  on  the  eqxiipment, 

2#  Description  of  the  Oxy-Fuel  Burner  Uuit 

The  burner  unit  itself  made  mainly  of  carbon  steel  was  about  6 ft*  long 
and  in  diameter  consisting  of  a number  of  concentric  passages*  Cooling 
water  was  provided  tp  a central  passdige  and  also  to  an  outer  passage*  Fuel 
oil  was  admitted  down  an  annular  passage  immediately  outside  the  central 
cooling  water  assembly.  Oxygen  was  admitted  in  an  annulus  immediately  outside 
that  used  for  oil.  The  oil  and  oxygen  was  mixed  at  the  tip  of  the  burner,  the 
mixture  spraying  into  the  furnace  relied  upon  the  prevailing  temperature  to 
Ignite  the  oil  spray  Issuing  from  the  burner.  As  a safety  precaution  the  oil 
passage  could  be  pxxrged  with  compressed  air  from  an  air  receiver  fed  from  the 
Works  compressed  air  system. 

Air  and  oil  were  fed  separately  to  a 3 way  valve,  the  outlet  passage  being 
used  for  either  oil  and  air*  The  attached  diagram  illustrates  the  installation 
schematically.  Numerous  safety  features  were  provided  on  the  equipment  all 
of  which  were  airranged  to  actuate  the  pneumatically  operated  3 way  valve  so 
as  to  cut  off  the  oil  supply  and  to  purge  the  burner  unit  with  air*  The  3 
way  valve  then  fed  a signal  via  the  Burrell  timer  to  the  pneumatic  oxygen 
shut-off  valve  which  stopped  the  oxygen  flow  after  a fixed  delay  of  20  seconds# 

The  inlet  cooling  water  flow  passed  through  a pair  of  gauze  filters,  the 
intention  being  that  one  should  be  on  stream  while  the  other  was  being  removed 
for  cleaning*  This  was  necessary,  as  it  was  known  that  the  water  supply 
contained  a great  deal  of  particulate  matter  which  would  quickly  clog  the 
filters. 

For  maximum  efficiency  it  was  necessary  to  locate  the  burner  tip  12  to  l8 
inches  away  from  the  scrap  aluminium  being  melted  in  the  furnace.  The  burner 
could  drop  under  its  own  weight  .Provided  it  fell  slowly,  the  burner  moved 
under  gravity  only.  However,  should  its  rate  of  descent  exceed  a predetermined 
veOlue  then  by  means  of  a chain  drive  and  clutch  unit  the  falling  burner  unit 
would  drive  an  electric  motor  which  provided  the  necessary  braking.  The  position 
on  the  furnace  was  controlled  by  visual  inspection  of  the  furnace  itself.  I^he 
motor  referred  to  above  was  also  used  for  lifting  the  burner  unit  from  the 
furnace  after  operation  by  pressing  either  the  manual  lift  or  stop  buttons. 

3*  Circumstances  Surrounding  the  Incident 

This  particular  furnace  was  being  used  for  experimental  runs  involving 
changes  in  combustion  conditions  inside  the  furnace  which  was  normally  heated 
by  three  burners  on  one  vertical  face.  Customer  personnel  on  the  17th  May 
were  using  compressed  air  from  the  manifold  adjacent  to  the  air  receiver  and 
reported  that  they  could  smell  paraffin  or  fuel  oil  in  the  air.  No  special 
significance  was  attached  to  this  statement. 

On  the  l8th  May  the  furnace  was  run  at  two  conditions.  At  a high  firing 
rate  first  with  low  excess  adr  and  then  with  high  excess  air. 


- 1 - 


Safety  Department  Report  No.  37 


2.6.71 


One  successful  run  was  carried  out  with  the  oxy-fuel  burner  at  this  time. 

It  was  intended  to  start  the  second  run  at  about  I63O  hours.  However,  some 
delays  took  place  in  charging  the  furnace  but  the  run  commenced  at  about  I7OO 
hours  with  one  furnace  door  open  as  a large  billet  was  protruding  from  it 
preventing  the  door  from  being  closed.  The  furnace  was  at  the  time  extremely 
hot  with  flames  escaping  from  the  open  door  and  through  apertures  in  the  furnace 
roof.  The  oxy-fuel  burner  was  turned  on  and  ran  successfully  for  about  7 
minutes.  However,  large  flames  escaped  from  various  apertures  so  that  the  run 
was  terminated.  It  was  then  noted  that  the  burner  moving  mechanism  had  jammed 
with  one  chain  tight  and  the  other  slack.  The  furnace  doors  were  finally 
closed  and  the  oxy-fuel  turned  on  again  at  about  1915  hours.  The  run  lasted 
between  7 and  10  minutes.  During  this  time  the  burner  failed  to  function 
correctly,  intermittent  operation  accompanied  by  spluttering  was  reported  by 
customer  staff* 

About  this  time  a dull  plop  was  heard  in  the  control  box  containing 
pneumatic  equipment  for  controlling  the  oxygen  shut-off  valve.  Smoke  was 
seen  to  come  from  the  box.  The  burner  was  then  lowered  a further  2 or  3 
inches  at  this  time  so  that  it  was  about  12  to  I8  inches  from  the  metal.  At 
this  point  the  burner  jammed  and  the  furnaceman  ascended  to  the  top  of  the 
furnace  and  agitated  the  top  of  the  biurner  unit  with  the  intention  of  freeing 
it.  He  then  heard  an  explosion  and  upon  investigation  found  that  the  pipes 
adjoining  the  air  receiver  were  red  hot.  He  also  observed  small  flames  on  top 
of  the  platform  adjoining  the  furnace.  The  furnaceman  then  turned  off  the  water 
supply. 

Extent  of  Damage  to  the  Burner  Installation 

4.1  The  water  cooling  system  of  the  burner  unit  had  been  severely  damaged, 

6*’  or  so  of  the  outer  jacket  had  disappeared  completely  while  the  bottom 
of  the  mushroom  in  the  centre  position  had  also  disappeared. 

4.2  The  flexible  oil  pipe  had  broken  and  was  held  in  position  by  its  metallic 
braiding  only. 

4*3  Pieces  of  the  air  piping  had  burst  on  top  of  the  furnace. 

4.4  The  air  supply  pressure  regulator  suffered  severe  damage  in  that  its 
bonnet  had  been  blown  off  and  the  supporting  pipe  bent,  presumably  by 
recoil  action. 

4.5  The  pressure  relief  valve  from  the  air  receiver  showed  signs  of  severe 
fire  damage  and  had  become  detached  from  the  receiver  and  had  fallen  to 
the  ground. 

4.6  The  Saunders  type  valve  adjacent  to  the  manifold  had  its  rubber  dj  aphragm 
burnt  away. 

4.7  A globe  valve,  a little  further  downstream  in  the  air  line,  had  a hole 
burnt  through  the  bottom  of  its  body.  The  adjoining  screw  connection 
had  been  burnt  through  also. 

4.8  A considerable  quantity  of  fuel  oil  was  found  in  the  air  receiver  having 
a darker  colour*  and  a different  smell  than  normal  fuel  oil. 

4.9  Piping  adjoining  the  air  receiver  showed  signs  of  severe  overheating 
consistent  with  the  furnaceman'* s account  of  it  being  red  hot. 
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4,10  Two  *0*  rings  had  been  burnt  awsiy  in  the  water  system  at  the  top  of 
the  central  jacket  at  the  head  of  the  burner  unito 

4*11  Both  water  filters  were  completely  clogged*  This  must  have  seriously 
impeded  the  flow  of  cooling  water  to  the  burner  unit* 

5-  Tests  of  the  3 Way  Valve  at  Cardiff  Depot 

The  3 way  valve  was  tested  at  Cardiff  Depot  and  up  to  the  time  of 
writing  this  report,  no  delect  had  been  found*  So  far  tests  have  been 
carried  out  with  the  valve  immersed  in  boiling  water.  Without  precise 
knowledge  of  temperatures  prevailing  on  top  of  the  furnace  at  the  time  of 
the  incident  it  is  of  course  impossible  to  conduct  realistic  tests. 

6*  Explanations  of  the  incident 

6*1  The  condition  of  the  water  filters  makes  it  abundantly  clear  that  the 

water  flow  must  have  been  drastically  reduced  in  the  burner  unit  so  that 
the  intense  heat  of  the  furnace  eventually  caused  the  metal  to  melt  and 
burnt  away*  It  was  reported  that  the  setting  of  the  low  pressure  switch 
had  been  previously  readjusted  by  customer  staff  so  as  not  to  trip  the 
system. 

6*2  It  was  stated  that  when  inspected  immediately  after  the  incident  the  3 
way  valve  was  correctly  set  so  as  to  admit  purged  air  into  the  burner 
unit  with  the  oil  flow  turned  off*  Having  regard  to  the  good  condition 
of  the  3 way  valve  it  is  inconceivable  that  it  could  have  admitted  oil 
to  flow  into  the  compressed  air  line. 

6*3  However,  an  explanation  was  readily  forthcoming  to  account  for  this 

phenomenon*  Apparently,  when  the  equipment  was  first  installed  both  the 
oil  and  compressed  air  had  separate  shut-off  valves*  Unfortunately  at 
that  time  it  proved  impossible  to  find  effective  non-return  valves  and 
it  is  strongly  suspected  that  during  the  early  commissioning  stages  oil 
had  found  its  way  into  the  compressed  air  line. 

6«4  The  reports  by  customer  staff  that  they  could  smell  fuel  oil  in  the 

compressed  air  the  day  before  the  incident  bears  out  that  oil  was  certainly 
present  before  the  incident.  It  is  probable  that  the  existence  of  fuel  oil 
in  the  air  receiver  had  not  been  detected  earlier  as  the  furnace  had  been 
operating  normally*  It  was  only  just  before  the  incident  that  the  furnace 
was  operated  at  elevated  temperatures.  This  fact  is  regarded  as  highly 
significant* 

6*5  Inspection  of  the  equipment  indicates  that  the  various  pipe  lines  to  the 
burner  unit  ran  on  top  of  the  furnace  where  it  is  reported  that  extremely 
high  temperatures  existed.  It  is  known  that  the  flash  point  of  this  fuel 
oil  in  air  is  about  I50  F (65°C)*  It  was  stated  by  one  of  the  customer’s 
staf^  that  fuel  gas  temperatures  from  the  furnace  was  in  the  order  of 
1200  C*  Also  it  was  known  that  flue  gases  were  escaping  through  apertures 
in  the  furnace  lining.  Had  this  hot  gas  impinged  upon  the  oil  contaminated 
compressed  air  line  combustion  would  certadnly  have  taken  place* 

6*6  Another  explanation  on  the  same  lines  can  be  found  to  account  for  the 
fact  that  ignition  might  have  commenced  in  the  air  receiver*  The  shop 
compressed  air  line  to  the  air  receiver  runs  above  the  top  of  the  furnace. 
Below  this  compressed  aiir  line  a section  of  the  furnace  juts  out  from  the 
main  furnace  wall  into  which  a vacuum  suction  pipe  is  subsequently  lowered 
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for  syphoning  away  molten  metal*  This  part  of  the  furnace  was  full  of 
red  hot  molten  aluminium  so  that  hot  air  rising  from  it  could  easily 
have  been  at  a temperature  of  several  hundred  degrees  Centigrade*  This 
air  was  observed  to  flow  over  the  air  line  feeding  the  air  receiver* 
Consequently,  as  compressed  air  was  used  by  the  customer’s  staff  the 
incoming  compressed  air  was  obviously  heated  to  a high  temperature  and  at 
first  caused  vaporisation  of  the  oil  which  would  account  for  the  smell  of 
the  compressed  air,  the  temperature  increased  \intil  eventually  ignition 
could  have  occurred  within  the  axr  receiver.  This  latter  explanation 
appears  to  be  more  probable  in  view  of  the  damage  pattern* 

6*7  While  the  cooling  water  failure  was  not  of  major  significance,  nevertheless 
the  low  pressure  trip  had  operated  so  that  the  3 way  valve  would  have 
communicated  the  compressed  air  line  with  the  top  of  the  burner  unit*  If 
this  coincided  with  the  ex^^losion  then  clearly  the  resulting  pressure 
pulse  could  have  damaged  the  flexible  oil  pipe  as  reported* 

7*  Recommendations 


7*1  Although  there  is  no  reason  to  suspect  the  5 way  valve  nevertheless  to 
remove  a possible  means  of  oil  entering  the  compressed  air  line  and  vice 
versa,  this  valve  will  be  replaced  by  a pair  of  separate  valves  driven 
from  a common  shaft. 

7*2  Effective  non-return  valves  are  required  for  oxygen,  oil  and  compressed 
air  lines*  In  view  of  the  high  operating  temperatures  these  should 
preferably  be  of  a simple  gravity  operated  metal-to-meted  seat  type* 
Resilient  seats  should  not  be  used*  Fresh  advice  will  be  sought  from  the 
appropriate  company  specialist* 

7*3  As  part  of  the  initial  servicing  of  the  equipment  after  6 months  and  12 
months  service,  the  compressed  air  and  oxygen  lines  should  be  solvent 
washed  to  verify  that  they  are  free  of  oil*  If  no  untoward  effects  are 
observed  after  12  months  operation,  it  can  reasonably  be  inferred  that 
the  non-return  valves  and  control  system  are  functioning  correctly  and 
that  solvent  washing  can  be  terminated* 

7*4  The  servicing  of  the  water  filters  must  be  done  on  a regular  basis  to 
ensure  that  cooling  water  flow  is  unimpeded  at  all  times* 

7*5  The  rubber  ’0’  ring  in  the  bottom  flange  of  the  burner  unit  should  be 
made  of  a heat  resisting  substance*  A rubber  ’0’  ring  in  that  position 
would  have  a very  limited  life  due  to  the  high  operating  temperatures 
consequent  upon  heat  escaping  from  the  furnace  through  the  burner  hole. 

7*6  To  reduce  the  possibility  of  oxygen  entering  air  or  oil  lines  consideration 
should  be  given  to  reducing  the  20  second  delay  before  the  oxygen  shut-off 
valve  closes  as  much  as  possible* 

7*7  All  piping  running  on  top  of  the  furnace  should  be  rerouted  to  be  in  the 
coolest  possible  position*  Further  protection  in  the  shape  of  a metal 
trough  should  be  provided  to  prevent  hot  air  impinging  upon  the  pipes* 

7*8  All  wiring  to  this  burner  unit  should  be  rerouted,  neatly  run  and 

protected  against  excess  heating,  bearing  in  mind  the  fact  that  the  best 
available  commercial  insulation  (Clasg  II)  has  an  operating  temperature 
of  125^F.  in  comparison  with  the  1200  C*  flue  gas  temperature*  Cleeurly 
this  wiring  must  be  protected  from  excess  heat* 
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8.  Conclusions 

(a)  This  incident  can  be  rationally  explained  and  clearly  took  place  due  to 

a combination  of  circumstances  which  could  reasonably  have  been  predicted. 

(b)  Provided  the  simple  recommendations  above  are  followed,  there  is  no 
reason  why  this  equipment  should  not  give  entirely  satisfactory  service. 

(c)  It  is  particularly  important  to  protect  the  process  piping  and  electrical 
equipment  from  excessive  heat  arising  from  the  furnace. 
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FURTHER  POIirrS  ARISING  FRW  THE  MEETING  HELD  AT  ALCAN  BOOTH,  ROGERSTOWE, 

3 JURE  1971 


1.  Fuel  oil  was  foxmd  on  the  bottom  of  the  control  box  containing  pneumatic 
equipment  for  controlling  the  oxygen  shut-off  valve  after  a minor  explosion 
was  heard.  This  confirms  that  fuel  oil  was  present  in  the  compressed  air 
line. 

2.  The  air  receiver  was  inspected  internally  on  3 April  1970  while  the  3 way 
valve  was  installed  in  place  of  separate  air  and  oil  valves  in  late  May 
1970.  Thus  it  is  probable  that  some  fuel  oil  fo\ind  its  way  into  the  air 
receiver  during  April/May  1970. 

3.  It  was  estimated  that  1-2  gallons  of  oil  were  present  in  the  air  receiver. 

U.  ALCAN-BOOTH  stated  that  the  air  receiver  was  bled  regulsurly  but  that  no  fuel 
oil  was  ever  reported.  APL  pointed  out  that  if  the  drain  valve  was  opened 
for  a very  short  time  then  only  condensate  woxild  escape  as  the  oil  would 
float  on  top  of  the  condensate. 

5.  ALCAH-BOOTH  stated  that  the  black  marks  inside  the  air  receiver  could  have 
been  caused  only  by  oil  flowing  over  a hot  surface  i.e.  after  the  fire/ 
explosion.  APL  sviggested  that  this  was  consistent  with  the  explanations 
put  forward  in  that  after  an  explosion,  pressure  waves  are  often  accompanied 
by  rarefaction  waves  so  that  any  oil  trapped  in  the  maunifdld  or  piping  would 
be  sucked  back  into  the  air  receiver  causing  the  black  marks. 

6.  The  water  filters  had  not  been  cleaned  for  some  months. 

7.  The  3 way  valve  had  been  tested  by  APL  Immersed  in  boiling  water  using 
correct  oil  euid  air  pressures.  It  was  impossible  to  interconnect  the  oil 
and  compressed  air  lines . APL  concluded  that  this  vaJ.ve  could  not  have 
accounted  for  the  presence  of  1 - 2 gallons  of  oil  in  the  air  receiver 
beauring  in  mind  that  the  oil  hold  up  between  the  vaLLve  and  burner  tip  is  only 
about  1 pint.  Under  certain  conditions  some  of  this  oil  could  find  its  way 
into  the  compressed  air  line. 

8.  The  normal  oil  flow  rate  to  the  burner  is  about  50  gals/hr. 

9.  For  stoichiometric  combustion  each  gallon  of  oil  requires  330  cubic  feet  of 
air.  To  give  a slightly  reducing  atmosphere  the  air  vaa  reduced  to  300  cubic 
feet  per  gallon  of  oil. 

Additional.  Recommendat ion 


As  a safegu€u*d  against  interruption  of  the  compressed  air  supply,  a stand-by 
source  of  purge  gas  is  recommended  e.g.  frcan  high  pressure  cylinders. 

Attempted  Analysis  of  Oil  Sample  Taken  from  the  Air  Receiver 

This  is  appended  and  indicated  that  both  fuel  and  compressor  lubricating  oils 
were  present. 


(Retyped  9/28/72  sba) 
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1.  PURPOSE 

This  specification  states  the  requirements  for  the  erection,  testing 

and  cleaning  of  piping  systems,  fittings  and  valveso 

SCOPE 

This  specification  applies  to  ferrous  and  non-ferrous  pipework 

for  liquids  and  gases  at  all  temperatures  between  -450^o  and 

+700^0,  ( -267^0 o and  +370°Co)  excluding  plantic  piping© 

3.  CODES  AND  STANDARDS 

3*1  All  workmanship,  materials,  testing  and  inspection  shall  be 
in  accordance  with  ASA  B31c3  latest  edition© 

3*2  All  welding  and  brazing  operatives  shall  be  qualified  in 

accordance  with  AoSoM«£©  Section  IX,  by  an  approved  authority 
for  the  appropriate  material,  and  technique©  All  Valid 
quailifications  shall  be  submitted  to  the  Engineers 
Representative  before  work  commences  © APL  form  VG2-2  may  be 
used  to  record  Welder  QiaaLLification  Tests  where  these  are  made 
on  site© 

3*3  Any  items  mentioned  in  this  Specification  are  in  addition  to, 
or  in  clarification  of,  the  relevant  codes  and  do  not  replace 
them© 

4.  WELDIWG  ARP  BRAEINQ 


4©1  Backing  Rings 

4olol  Backing  rings  shall  not  be  iised  in  stainless  steel 
and  c£u:*bon  steel  pipes  carrying  oxygen  (designated 
SSO  & CSO)© 

4«1©2  Backing  rings  shall  not  be  used  for  piping  2}'  n«b© 

(30  mm)  or  smaller© 

4©lo3  Backing  rings  may  be  used  for  all  other  stainless  steel 
and  caurbon  steel  joints©  Where  backing  rings  are 
not  used,  including  oxygen  lines,  the  root  run, 
is  to  be  performed  by  the  inert-gan  shielded  arc 
method,  with  interior  gas  purge© 

4ol©4  Backing  rings  may  only  be  used  for  aluminium  or 

aluminium  alloy  butt  joints  where  they  are  am  aid 
to  fitting  in  confined  spaces,  or  at  the  discretion 
of  the  Engineers  Representative©  On  single  ’V*  or 
single  preparation  butt  joints,  the  root  run  with 
full  penetration  bead  is  to  be  performed  by  the  ** inert 
g8LS  shielded  arc  process  (T.I.G©  or  M«I©G)© 
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4olo5  Backing  strip  in  all  materials  will  be  supplied  by  the 
Employer o 

koloS  When  backing  rings  are  not  used  the  contractor  must 

ensure  that  the  pipe  bore  is  not  restricted  by  excess 
of  weld  metal ^ icicles  and  weld  splatter^ 


4o2  Aluminium 


4»2o1  Aluminium  pipe  shall  be  cut  only  by  mechanical  devices« 

4o2o2.  All  welding  of  aluminium  pipe  shall  be  performed  with 

the  inert  gas  shielded  arc  process,  using  ToI.G.  method 
with  A, Co  High  Frequency  Current,  or  M*IoG«  methodo 
A purge  of  similar  inert  gas  shall  be  maintained  on  the 
interior  of  the  line  during  the  root  weld  process 
wherever  possible o 

4.3  Stainless  Steel 

4,3o1  Stainless  steel  unless  prepared  by  a mechanical 

meauis  shall  be  ground  back  l/l6"  (lc6mm)  before  welding. 
Cutting  with  an  oxyacetylene  torch  shall  not  be  permitted, 

4.4  Brazing 

4.4.1  Brazing  wire  used  shall  be  Easy  Flo  No.  1 Solder 
manufactured  by  Johnson  Matthey  Se  Coo  or  approved 
eqiialo  Brazing  flux  shall  be  Easy  Flo  green  label  or 
equivalento  Solder  joints  shall  be  kept  as  far  as 
possible  from  threaded  joints  to  prevent  destruction  of 
the  thread  sealo 

4.4.2  Fittings  once  brazed  shall  not  be  re-used. 

4.5  Valves 

Prior  to  welding  any  valve  into  a pipeline,  the  contractor  shall 
open  the  valve  fully,  and  take  precautions  to  prevent  thermal 
distortion  of  the  valve  and  its  components. 

4.6  Joint  Identification 

All  welded  and  brazed  joints  shall  be  identified  by  the  operative 
with  his  stamp  and  a serial  number.  For  example  '^To22'*  would 
have  been  done  by  welder  and  be  his  22nd  consecutive  weld 
on  the  Contract. 

4.7  Radiography  and  Inspection 

All  materials  and  workmanship  shall  be  inspected  by  the  Engineer’s 
Representative  in  accordance  with  ASA  B31o3  at  any  place  where 
fabrication  and  erection  is  performed.  Any  defective  material 
or  workmanship  shall  be  corrected  to  the  satisfaction  of  the 
Engineer's  Representative  at  the  Contractor's  cost. 
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4o7ol  Radiography 


4o7olol  On  completion  of  the  first  ten  production 
welds  made  by  each  welder  in  each  material 
in  either  2G  or  58  positions  (ASMS  IX-para  <43) 
two  welds  shall  be  completely  radiograp^edo 
Two  per  cent  of  the  remainder  of  the  welds 
made  by  each  welder  with  a minimum  of  five 
welds  shall  be  radiographed©  Each  film  shall 
be  marked  with  the  line  and  weld  number  and 
shall  be  to  the  satisfaction  of  the  Engineer’s 
Representative  © 


If  any  radiograph  is  unsatisfactory,  two 
further  radiographs  shall  be  taken© 

4o7ol©2  All  joints  between  prefabricated  spool  pieces 
and  all  closing  joints  shall  be  subject  to 
100%  X-Ray© 

4o7ol©3  If  any  weld  is  not  the  standard  given  in 

ASA  B31c5  it  shall  be  cut  out,  repaired  and 
radiographed©  All  costs  involved  in 
making  such  a repair  shall  be  borne  by  the 
Contractor© 


4o7©2  Socket  Weld  Fittings  and  Brazed  Joints 

At  the  disoiretion  of  the  Engineer’s  Representative,  a 
maximum  of  % of  socket  welds  per  welder,  and  brazed 
joints  sbAll  be  cut  out,  sawn  in  half  and  inspected© 
Should  any  of  these  be  unsound,  then  further  welds 
or  brazed  joints  shall  be  cut  out  and  inspected  until 
it  is  established  that  all  are  satisfactory© 

The  cost  of  cutting  out  and  replacing  shall  be  borne 
by  the  Contractor© 


THREADED  JOINTS 

A Teflon  tape  shall  be  used  for  joints  operating  up  to  240^C©,  but 

/»  not  above  this  temperature©  No  other  sealant  is  allowed  in  tMs 

^ range©  A seal  weld  is  recommended  for  temperatures  above  240  C© 

6.  VALVES  AND  BELLOWS 

6.1  Globes  malvu  shall  normally  be  installed  so  that  the  disc 
will  diose  agaiiiSt  pressure©  On  reactivation  circuits  some 
valves  will  be  installed  counter flow  and  these  will  be  marked 
with  an  arrow  and  the  letter  ’P’  on  the  drawings© 

6.2  Bellows  assemblies  shall  be  installed  in  accordance  with  the 
notes  on  the  isometric  drawings©  The  Contractor  shall  request 
the  Engineer’s  Representative  specificaG^ly  to  inspect 
installed  bellows,  before  the  plant  pressure  test© 
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7.  CLEANING  AND  STORAGE 

7.0*1  Proper  cleaning  of  all  equipment  in  contact 

with  oxygen  is  absolutely  essential.  Ineffective 
cleaning  can  result  in  loss  of  life  and  damage  to 
equipment.  If  any  doubt  exists  as  to  whether 
oxygen  equipment  has  been  contaminated  or 
insufficiently  cleaned,  it  shall  be  recleaned  at 
the  Contractor’s  cost. 

7.0. 2  The  Contractor  shall  clean  all  piping  fittings  in 

accordance  with  the  contract  drawings  and 
specifications. 

7.0. 3  Valves  required  to  be  cleaned  to  Classification  AA 

cleanliness  will  normally  be  delivered  in  that 
condition. 

7.0. 4  Where  valves  are  required  to  be  cleaned  on  site 

this  will  be  shown  in  the  Valve  Summary,  The 
recommended  method  is  given  in  Para  A, 6.  Any 
cleaned  material  that  is  not  to  the  approval  of 
the  Engineer’s  Representative  shall  be  recleaned  at 
the  Contractor’s  expense. 

7.0. 5  Cleanliness  of  materials  is  classified  into  3 groups: 

Service  Materials  - Classification  B Cleanliness 

Process  Materials  - Classification  A Cleanliness 

Oxygen  & Cryogenic  - Classification  AA  Cleanliness 
Materials 

7«1  Classification  B Materials  shall  be  considered  clean  when 
they  are  visually  clean  under  bright  white  light. 

7.2  Classification  A Materials  shall  be  considered  clean  when 
they  are: 

7.2.1  Visually  clean  under  bright  white  light. 

7 .2. 2 Free  from  loose  particles  or  potentially  loose 
particles,  paint  and  other  protective  coating. 

702.3  Free  from  grease  - wiping  with  a clean  white  lint 
free  cloth,  or  pulling  through  shall  detect  no 
trace  of  oils  of  grease  on  the  cloth. 

7© 3 Classification  AA  materials  shall  be  considered  clean  when 
they  conform  to  the  following: 
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7o3ol  Visually  clean  under  bright  white  light  and  ultra 
violet  lighto 

7oJo2  No  internal  surface  when  inspected  under  bright 
white  light  shall  contain  any  loose  particles 
capable  of  being  brushed  off  by  hand  with  a soft 
nylon  brush  and  blown  off  with  an  air  jet« 

There  sliall  be  no  potentially  loose  particles 
which  exceed  Oo^mm  in  two  directions  and  0.2rmn 
in  the  third  plane o 

7«3*3  All  surfaces  must  be  completely  dry« 

7*3*^  All  surfaces  shall  be  free  of  all  discolouration 
other  than  that  wnich  is  due  to  the  metal* 

7.3*5  Black  light  Test  - Internal  sources  shall  be  free 
of  any  fluorescence,  other  than  isolated  spots  of 
lint  and  dust,  detectable  by  ultra  violet  light 
having  a wave  length  of  36OO  Angstroms  when  viewed 
in  the  dark.  The  UoV,  lamp  will  be  supplied  by 
the  Employer. 

7. 3® 6 Wipe  Test  - Internal  surfaces  shall  be  wiped  with 
a clean  white  lint  free  cloth  and  the  cloth 
inspected  to  ensure  the  absence  of  any  oils  not 
detectable  by  black  light,  or  residue  discolouration, 
fibres  etc.,  not  previously  detected.  The  cloth 
may  be  dipped  in  trichlorthylene  or  methylene 
chloride  before  wiping. 

7.4  Cleaning  Methods 


Suggested  cleaning  methods  are  described  in  Appendix  1. 
7.5  Storage 


7.5*1  All  valves  and  fittings  shall  be  stored  indoors. 

Protective  packages  labelled  * Decontaminated  for 
Oxygen  Service'^  or  similar,  shall  not  be  removed 
until  the  equipment  is  to  be  installed.  If  removed, 
or  damaged,  at  the  discretion  of  the  Engineers* 
Representative  the  item  stiall  be  recleaned  by  the 
Contractor  at  his  cost. 

7.5.2  During  construction  all  cleaned  materials  shall  be 
maintained  clean  until  the  installation  is  accepted 
by  the  Engineer* s Representative.  Both  in  storage 
and  during  iuatallation  open  pipe  ends  and  vessel 
nozzles  shall  be  sealed  with  clean  polythene  sheeting. 
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8.1  Pressure  Testing  (Process  Piping) 


All  process  piping  will  be  pneumatically  pressure  tested 
xxnder  the  supervision  of  the  Engineer’s  Representative* 
Both  leak  tests,  and  a 12  hour  drop  test  will  be  made  with 
oil  free  air  or  nitrogen  supplied  by  the  Employer. 

In  preparation  for  and  during  the  pressure  testing  the 
Contractor  shall: 


8.1.1  Instal  test  relief  valves,  gauges,  blanks  supplied 
by  the  Employer,  and  make  other  minor  modifications 
to  the  plant  as  instructed  by  the  Engineer’s 
Representative. 

801.2  Soap  all  joints  to  locate  leaks,  repair  any  leaks 
found,  and  re-soap  repaired  joints  to  the  satisfaction 
of  the  Engineer’s  Representative  and  the  relevant 
Inspecting  Authority. 

8.1.3  On  completion  of  the  pressure  test  restore  the 
plant  to  its  normal  working  condition. 

8.2  Pressure  Testing  (Utility  Piping) 

The  Contractor  shall  hydraulically  test  utility  piping  such 
as  steam  and  water,  at  1.5  times  design  pressure  after 
installation  and  repair  any  leaks  at  nis  own  expense. 

8.3  Blow-Out 


Either  before  or  after  the  pressure  test,  the  plant  will  be 

blown  out  to  remove  any  waste. 

The  Contractor  shall: 

8.3«1  Undo  and  aftejTwards  replace,  certain  flanged 

joints  as  instructed  by  the  Engineer’s  Representative 
to  allow  blowout. 

8.3o2  Afterwards  thoroughly  clean  out  any  part  of  the 

system  showing  an  accumulation  of  waste  material. 


9.  PROCESS  PIPING  ISOMETRICS 

Dimensions  on  isometric  sheets  are  based  <^n  geometric  calculations 
and  no  allowance  has  been  made  for  fabrication  and  erection 
tolerances.  The  Contractor  shall  prepare  and  assemble  the 
prefabricated  piping  allowing  for  such  tolerances  and  any  alterations 
necessary,  because  the  prefabricated  piping  does  not  mate  correctly, 
shall  be  carried  out  at  the  Contractor’s  cost. 
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10*  PIPE  SUPPORTS 


Where  pipe  supports  for  piping  below  2’*  n.b.(50mm)  are  not 
specifically  detailed  on  the  drawings,  the  supports  shall  be 
supplied,  fabricated  and  installed  by  the  Contractor  at  no 
additional  cost  to  the  Eraployero 
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Hemove  any  coating  of  paper,  lacquer,  varnish,  paint  ect, , scrub  out 
the  pipe  with  a dry  cylindrical  brush,  and  blow  out  with  air.  Where 
an  internal  coating  is  to  be  removed,  such  coating  shall  be  removed 
from  pipe  or  fittings  before  that  item  is  welded. 


A. 2 Grade  A Cleanliness  - Carbon  Steel 


A.2ol  Immerse  the  pipe  in  an  approved  chemical  descaling  solution, 
and  when  descaled  wash  out  with  clean  water.  Hydrochloric 
acid  may  be  used  for  extensive  descaling. 


Ao2.2  Pacify  in  a ^ phosphoric  acid  solution,  and  wash  in  clean 
water  and  dry. 


A. 3 Grade  AA  Cleanliness  St.  Steel,  C.  Steel,  Copper,  Aluminium 


For  carbon  steel  this  procedure  may  be  necessary  following  that 
outlined  in  paragraph  A2  where  it  cannot  be  seen  that  the  internal 
surfaces  of  the  piping  are  clean. 


Ao3ol  Wash  out  or  scrub  out  with  a nylon  brush,  pipe  and  fittings 
with  trichlorethylene  or  methylene  chloride  until  clean. 

A.3o2  Pull  through  with  a clean  lint  free  cloth.  Do  not  re-use 
the  cloth. 


A.3o3  For  small  bore  pipe  do  not  pull  through,  but  drain,  auid 
blow  out  with  dry  oil  free  air  or  nitrogen. 

A.3o4  beal  the  pipe  ends  with  polythene  sheets. 

A. 4 General 

A. 4.1  When  random  lengths  of  pipe  are  prefabricated,  the  chemical 

cleaning  (Para  A. 2 and  A. 3)  shall  be  carried  out  after 
prefabrication.  The  pipe  ends  and  fittings  and  backing 
rings  when  used  shall  be  wiped  clean  with  a trichlorethylene 
soaked  rag  and  the  trichlorethylene  allowed  to  evaporate 
prior  to  welding. 

A. 5 Trichlorethylene 

The  grade  of  Trichlorethylene  shall  be  I.C.!.  Grade  4 inhibited 

or  equivalent. 

A. 6 Valves 


Dismantle  valves  and  match  raeirk  all  parts.  Decontaminate  the  parts 
with  new  and  clean  methylene  chloride  or  trichlorethylene,  handling 
them  only  with  clean  lint-free  gloves.  The  parts  are  considered 
degreased  when  they  conform  to  Para  7o3o  He-assemble  valves  with 
degreased  tools,  tag  the  valves,  and  pack  in  a polythene  bag  to 
maintain  cleanliness.  Label  "Degreased  for  oxygen  service". 
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Tim  S1£CTB0NICS  AND  WELDING  WISE. 

All  electrodes  and  welding  wire  shall  be  stored  in  sealed  containers  in 
a dry  room.  Opened  packages  of  electrodes  and  welding  wire  shall  be 
kept  in  heated  storage  and  protected  from  deterioration  and  dsaagp  until 
immediately  before  use. 

Electrodes  and  welding  wire  showing  signs  of  damage  shall  not  be  used. 

MATERIAL  WIRE  OR  ELECTRODES 

l)  Aluminium/ltanganese  Alloy 

NT5  to  BS  1470/77-1955,  ASTM  OR  40A  NG6  to  BS  1475-1955 » ASTM  GM  4lA, 

AA5154  (P22)  (Pipe)  AA  5456  (F22) 

NP8  to  BS  1477  (Plate)  N6/I  to  BS  1475  or  ASTM  S^/ER5l83 


2)  Stainless  Steel 

EN  58E,  ASTM  SA  312.TP304  BS  2901  A8,  ASTM  SA  371,  or 

BS  2926-A  ASTM  A298(F5) 

3)  Carbon  Steel 

Mild  Steel  BS  1501,  ASTM-SA-285  BS  29OI-AI6  and  A17,  ASTM  SA  233, 

BS  1719 
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Line  Designations 

Each  line  will  be  designated  as  in  the  following  example® 
2-0-321-ES  2a 7o 


This  is  explained  a.s  fo]k)v/s: 

2 is  the  nominal  pipe  or  tubing  size  in  inches 
not  (OD)  the  piping  bill  of  material  gives  the 
complete  descrip tion® 

0 is  the  line  service  letter  for  the  fluid  in  the 
line  (oxygen) o See  listing  of  fluid  designations. 

321  is  the  line  number®  Generally,  line  numbers  go 
from  equipment  piece  to  piece. 

SS  2® 7 - The  piping  material  and  pressure  class®  (SS 
is  stainless  steel  2®7  is  270  psig®  nominal  class). 


Piping  Material  LesiKnations 


AL  - 

Aluminium  Alloy 

CT 

Copper  Tube 

CoO  - 

Carbon  Steel  Oxygen 

ICT  - 

Instrument  Copper  Tube 

CGG  - 

Carbon  Steel  Steam 

SS 

Stainless  Steel 

CS  * 

Carbon  Steel 

TA 

Tungum  - alloy 

Fluid  Designations 


A - 

Air 

P - 

Propane 

C - 

Caustic 

R - 

Argon 

F - 

Freon 

S - 

Steam 

G - 

Petrol 

CD  - 

Carbon  Dioxide 

H - 

Hydrogen 

FG  - 

Feed  Gas 

HE  - 

Helium 

NG  - 

Methane  or  Natural  Gas 

N « 

Nitrogen 

PW  - 

Potable  Water 

0 • 

Oxygen 

WG  - 

V/aste  Gas 

pjmt 
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1*  Purpose 

To  establish  an  opei’ntioaal  procedure  for  solvent  washing; 
piping  systems,  both  high  and  low  pressure,  and  to  ensure 
their  cleanliness  for  oxygen  service. 

2 • Associated  dtandards 

A.P.L.  Specifications  AO3  and  K02 . 

^ • Responsibility 

It  is  the  responsibility  of  the  District  Engineering  Kanager 
to  supervise  this  operation  and  to  be  certain  that  the  proceaure 
is  followed. 

Reasons  for  Cleanliness 

Any  materials  that  will  burn  in  air  will  burn  more  freely 
in  oxygen,  which  vigorously  accelerates  combustion  to  the  point 
of  explosion  and  also  reduces  the  temperature  at  v/hich  fire 
can  start.  Oils  and  greases  at  very  low  levels  of  surface 
contamination  varying  from  as  little  as  7 milligrams  per  square 
foot  to  300  milligrams  per  square  foot  may  ignite,  and  do  not 
become  visible  under  white  light  until  the  contamination  level 
reaches  about  500  milligrams  per  square  foot. 

A piping  system  can  be  properly  clean  and  put  into  service,  but 
may  later  sustain  contamination  during  use  v.hen  other  imperfectly 
cleaned  or  unsuitable  equipment  is  connected  to  it.  Also 
hydrocarbons  are  soluble  in  LOX  at  very  low  levels,  these 
hydrocarbons  may  be  released  when  the  oxygen  is  vaporised  and 
an  unacceptable  contamination  level  may  be  built  up,  particularly 
at  liquid/gas  interfaces. 

5 • Materia Is  for  use 

Only  materials  suitable  for  low  pressure  oxy;;en  service  may 
be  used  for  this  solvent  washing  procedure,  I’.V.C.  ana  Polyethylene 
may  not  be  used,  unplasticised  nylon  and  P.  T.F. li.  tubing  for 
making  connections  are  permitted. 

6 . Solvent 

I.O.I.  frichlorethylene  Grade  W only. 

7 • Method 


7*1 • If  the  piping  system  incorporates  an  item  of  a complicated 
nature,  for  example  a reciprocating  or  centrifugal  pump, 
regulator,  backpressure  valve  etc,  it  must  be  removed 
from  the  system  and  a shorting  connection  made. 

7.2.  The  equipment  thus  removed  is  to  be  degreased  to  A.P.h. 

Spec.  MOP  Appendix  I except  that  frichlorethylene  l.J.l. 

Grade  N is  to  be  used.  Pumps  should  be  returned  to  Acrefair 
to  be  washed. 
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7*3.  obucly  the  system  to  select  the  best  entry  point  and 

floii  direction,  it  is  desirable  that  each  section  of  the 
pipework  should  be  filled  with  solvent  before  the  nezt 
section  be.'^ins  to  be  filled.  Note  also  the  location 
of  valves  that  can  be  used  to  purge  air  from  the  system 
as  it  is  filled.  Make  an  estimate  of  the  total  internal 
surface  area  and  record  it. 

7*4«  Tal:e  a 500  ml.  sample  of  the  clean  solvent  in  a previously 
carefully  cleaned  and  suitable  container  (see  section  5), 
close  and  seal  it  and  label  it. 

BIANX  - SOLVENT  WASH  AT  "X"  - "DATE" 

7.5.  Pump  trico  into  the  system  via  the  previously  selected 
point,  ensure  that  all  purge  points  are  closed  in 
sequence  as  trico  appears.  Collect  the  solvent  at  the 
outlet. 

7.6.  Take  a sample  of  the  used  solvent  in  a container  similar 
to  that  mentioned  in"^.4.  and  compare  the  two  against  a 
white  background  under  bright  white  light  and  under  U.V. 
light  of  3600  angstroms  wave  length  in  the  dark.  If 
there  is  discolouration, particles  can  be  seen  in  the 
solvent  or  flourescence  reject  it  for  further  use. 

Repeat  the  wash  once  after  the  solvent  is  seen  to  be 
contamination  free  reusing  the  solvent.  If,  on  the 

second  pass,  the  solvent  fails  the  test  renew  it  and  continue 
washing  until  the  second  pass  produces  satisfactory  test 
response.  Finally  wash  through  with  completely  fresh 
clean  solvent, 

7.7.  Using  nitrogen  blow  out  and  collect  the  solvent,  continue 
blowing  nitrogen  through  until  all  traces  of  solvent  have 
disappeared,  Draeger  detector  tubes  may  be  used  if 
difficulty  is  experienced  in  determining  the  absence  of 
solvent.  Check  the  system  for  cleanliness  to  A.P.L, 

Spec,  M02. 

7.8.  Take  a sample  of  the  final  wash  solvent  as  in  6,  label  - 

PINAL  WASH  SAMPLE  AT  "X"  - "DATE" 

Despatch  both  blaink  and  final  wash  sample  to  Stoke  Labs, 
for  check, 

7.9.  Record  the  amomit  of  solvent  used  in  the  final  wash, 

7.10.  Close  up  the  ^stem  maintaining  oxygen  cleanliness  methods. 
Where  high  pressure  joints  have  been  remade  the  system  must 
be  hydraulically  tested  to  1,5  times  max.  working  pressure. 
Use  only  drinking  water  and  oxygen  safe  equipment.  Purge 
out^with  warm  nitrogen  and  ensure  dewpoint  of  better  than 
-63  P before  handover  for  operation. 

For  fiystems  operating  at  up  to  300  psig  pneumatic  testing 
may  be  employed  providing  the  proper  precautions  are  taken. 
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8.  Certificate 

Issue  a memo  certifying  the  solvent  wash,  the  date,  surface 
area  washed  and  quantity  of  final  wash  solvent  together  with 
a copy  of  the  result  of  the  Stoke  lab.  report  to, 


District  General  Manager 
District  Distribution  Manager 
IGD  Engineering  Manager 


i 

i 

i 

I 
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;tle:  general  procedure  for  decontamination  op  static  tank  and  road  vehicle 

ASSEMBLIES  FOR  02  SERVICE. 


1.0  Standeurds 


1*1  All  decontamination  and  inspection  shall  be  carried  out  to  achieve 
Engineering  Steuidajrd  A03  cleanliness. 

1.2  The  interior  of  vessels  shall  be  decontamination  in  accordance  with 
procedures  Q.12  and  Q.13  respectively. 

1.3  Sealing  of  open  pipe  ends  etc.  after  degreasing  shall  be  effected  by 
wrapping  with  clean  polythene  and  fixing  with  black  tape.  The  manufacturers 
plastic  inserts  may  be  used  for  screwed  or  socketed  connections  on  valves 
etc.  but  these  must  be  clean  and  in  good  condition. 

l.U  Seals  shall  only  be  removed  immediately  prior  to  making  the  end  Joint  with 
€Uiother  decontaminated  component  or  assembly. 

In  the  case  of  piping  which  runs  from  the  inner  vessel  and  penetrates 
the  outer,  the  seals  may  be  removed  to  enable  Joints  to  be  meide  between 
the  pipe  and  the  inner  vessel  and  the  pipe  and  penetration  point.  The  bore 
of  the  pipe  is  to  be  examined  for  loose  particles  and  signs  of  contamination 
immediately  after  the  Joint  is  made  and  if  satisfactory,  is  to  be  sealed. 

1.5  Any  item  discovered  without  sealing  or  not  satisfactorily  sealed  shall 
be  declared  contaminated  and  shall  be  returned  for  decontamination  and 
Inspection. 

1.6  All  decontaminated  items  shall  be  labeled  with  the  "Degreased  for  Oxygen 
Service’’  label  and  the  label  must  bear  an  inspectors’  stamp. 

2 . 0  Valves 


Properly  sealed  emd  decontaminated  valves  shall  be  maintained  in  the  sealed 
containers  until  ready  for  final  assembly  with  the  decontaminated  piping 
assembly. 

2.1  On  soft  seal  valves  where  it  is  necessary  to  unscrew  the  bonnet  and  remove 
the  seat  or  disc  in  order  to  make  a heated  Joint  on  the  body,  the  opening 
of  the  veuLves  shall  be  done  under  clean  conditions  and  the  parts  which  are 
not  being  worked  on  may  be  bagged  and  re-se6Lled. 

2.2  Valves  opened  under  conditions  other  than  2.1  shall  be  declared  contaminated 
and  must  be  completely  stripped,  decontaminated  in  piece-small  and 
re-assembled  under  clean  conditions  before  re-sealing. 

3.0  Piping 

After  forming,  each  piping  length,  including  pipe  fittings,  shall  be 
decontaminated,  inspected  and  sealed  in  accordance  with  Proced\ire  Q.12. 

3*1  Piping  connected  to  the  inner  vessel  shall  be  examined  visually  when  the 
tape  is  removed  from  the  nozzle  connection  during  decontamination  of  the 
vessel.  If  the  pipe  is  found  to  be  contaminated  at  this  stage,  it  shall 
be  washed  through  with  an  approved  cleaning  agent  and  then  blown  out  with 
clean  dry  air  or  nitrogen  to  remove  loose  particles  and  traces  of  the 
cleaning  agent.  cont/. 
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3.2  All  pipes  connected  to  the  inner  vessel  are  to  be  blown  out  with  clean 

dry  air  or  nitrogen  prior  to  assembly  with  cabinet  piping  and  after  final 
pressure  testing. 

3.2.1  Pressurize  vessel  and  interspace  pipework  to  highest  pneimatic 
pressure  quoted  on  the  vessel  drawing  for  pneumatic  strength  test. 

3.2.2  Release  pressiire  to  lesdt  test  pressure  and  ceurry  out  soap  and  water 
leak  testing  required. 

3.2.3  Release  test  air  through  all  pipes  into  the  vessel  at  maximum  velocity 
obtainable  in  order  to  ensure  all  loose  particles  are  removed  from 
piping  system. 

3.2.U  After  sissembly  of  cabinet  control  piping  the  test  air  used  for  pressure 
testing  the  cabinet  pipework  system  should  again  be  blown  down  through 
all  pipes  at  msucimum  velocity  to  remove  any  possible  debris  left 
during  piping  assembly. 

U.O  Certification 


The  Inspectors  responsible  for  checking  the  decontamination  of  the  inner  vessel 
and  the  final  blowing  out  of  the  pipework  shall  certify  on  the  ’Decontamination 
Record'  that  the  requirements  of  this  standard  have  been  fulfilled. 
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riTLE:  MANUFACTURING  QUALITY  PROCEDURE  FOR  DEGREASING  OF  PIPEWORK. 


A.  STAINLESS  STEEL 


1.  Remove  loose  particles  from  pipe,  as  far  as  possible  by  blowing  through  with 
air. 

2.  Pump  through  with  Hot  Alkaline  (APPLIED  CHEMICALS  5.57). 

3.  Rinse  by  pumping  through  with  cold  water. 
k.  Visually  inspect  pipe  with  white  light. 

5.  In  cases  of  smaJ.1  bore  piping  a wash  with  Trichloroethylene  should  be  taken 
and  examined  with  U.V.  lamp  after  evaporation. 

6.  The  pipes  should  then  be  dried  and  examined  again  with  white  light  and  with 
U.V.  lamp  to  achieve  standards  of  Specification  A03. 

Blow  through  with  clean,  dry  filtered  air  to  remove  any  loose  particles. 

8.  Seal  pipe  with  tape  and/or  polythene  sheet. 

B.  ALUMINUM  PIPE 


1.  Remove  loose  particles  from  pipe  as  far  as  possible  by  blowing  through  with 
air. 

2.  Pump  through  with  hot  water  to  remove  soluble  grease  from  pipe  bending,  etc. 

3.  The  pipe  should  then  be  given  a caustic  wash  by  pumping  through  with  I.C.I. 
Sodium  Hydroxide  Solution.  (10?5). 

4.  Rinse  pipe  with  cold  water. 

5*  Wash  pipe  through  with  10%  solution  of  Nitric  Acid  to  kill  caustic. 

6.  Rinse  with  cold  water. 

7.  Examine  pipe  with  white  light. 

8.  In  cases  of  small  bore  piping  a wash  with  trichloroethylene  should  be  taken 
and  examined  with  U.V.  lamp  after  evaporation. 

9*  The  pipes  should  be  dried  and  examined  again  with  white  light  and  with  a 
U.V.  lamp  to  achieve  standards  of  Engineering  Standard  A03. 

10.  Blow  pipe  through  with  clean,  dry  air  to  remove  any  loose  particles. 

11.  Seal  pipe  with  tape  and/or  polythene  sheet. 


cont/. 
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TITLE:  MANUFACTURING  QUALITY  PROCEDURE  FOR  DEGREASING  OF  PIPEWORK 


C.  COPPER  TUBE 

!•  Remove  loose  particles  as  far  as  possible. 

2.  Boil  in  Alkaline  Solution  (APPLIED  CHEMICALS  5.57)  for  a minimum  period  of 
30  minutes  to  remove  flux. 

3.  Rinse  with  cold  water. 

U.  Acid  wash  with  Applied  Chemicals  2.25. 

5.  Rinse  with  cold  water. 

6.  Examine  pipe  with  bright  white  light. 

7.  The  pipe  should  then  be  dried  and  examined  again  with  White  light  and 
U.V.  light  to  standard  of  Specification  A03. 

8.  In  case  of  small  bore  piping  a Trichloroethylene  wash  should  be  taken  and 
examined  with  U.V.  lamp  after  evaporation. 

9.  Seetl  with  tape  and/or  polythene  sheet. 


NOTES : 

(a)  Any  pipe  that  is  examined  end  not  up  to  standeurd  should  be 
re-degreased  and  the  entire  process  repeated. 

(b)  Any  pipe  found  with  the  seal  removed  or  damaged  after  degrease 
should  be  returned  and  re-degreased  and  entire  process  repeated. 

(c)  All  pipes 5 when  degreased  Etnd  passed  as  clean,  should  be  labeled 
"Degreased  for  Oxygen  Service"  and  this  label  must  bear  an  Inspector's 
Stamp. 

(d)  Dry  oil  free  Air  or  Nitrogen  must  be  used  in  all  cases  when  pressure 
testing  de-contaminated  piping. 
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MANUFACTURING  QUALITY  PROCEDURE  FOR  INTERNAL  CLEANING  OF  ALUMINUM  TANKERS  & 
STATIC  TANKS  FOR  OXYGEN  SERVICE. 


1.  Vessel  pipework  to  be  degreased  part  sniall  i.e.  before  welding  to  vessel, 

(SEE  PROCEDURE  NO:  Qll). 

2.  Ensure  stub  ends  of  pipes  in  vessel  axe  covered  with  tape. 

3*  Remove  spatter  and  loose  particles  from  vessel  walls.  Brush  vessel  out. 

Cold  wash  vessel  with  *Aloclene  100^  (Sunbeam  Chemicals). 

5*  Rinse  with  pottable  water. 

6.  Mop  up  any  residual  water  with  clean  ’lint-free*  cloth. 

7.  Remove  tape  covering  stub-ends  from  inside  vessel. 

8.  Allow  surfaces  of  vessel  to  dry  as  quickly  as  possible.  Clean  filtered 
warm  air  may  be  used. 

9*  Check  internal  surface  of  vessel  and  nozzles  with  bright  white  light  to 
Engineering  Standard  A03. 

10.  Check  internal  surface  of  vessel  and  nozzles  with  U.V.  lamp  to  Engineering 
Standard  A03- 

11.  Ensure  manway  cover  is  degreased  before  fitting  to  vessel  (Check  with  U.V.  lamp). 

12.  When  vessel  has  been  cleared  by  an  inspector  a label  ’Degrease  for  Oxygen 
Service’  bearing  an  inspector’s  stamp,  should  be  attached  to  the  vessel. 

NOTE:  1.  For  Hydraulic  test  after  degrease  use  pottable  water. 

2.  For  Pneumatic  Test  after  degrease  use  dry  oil-free  Air  or  nitrogen. 

3.  After  Pneiomatic  Test  allow  air  to  discharge  rapidly  through  every 
pipe  to  ensure  all  possible  debris  is  removed. 
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OOCUMENl 


TLI  MANUFACTURING  QUALITY  PROCEDURE  FOR  INTERNAL  CLEANING  OF  9%  NICKEL  AND 
HI-PROOF  STAINLESS  STATIC  TANKS  FOR  OXYGEN  SERVICE, 


1.  Vessel  Shells  and  Heads  are  to  be  free  from  scale  and  can  be  cleaned  by 
shot-blasting  or  pickling  before  assembly  (in  the  case  of  9%  Nickel). 

2.  Vessel  pipework  to  be  degreased  part  small  i.e.  before  welding  to  vessel. 

(SEE  PROCEDURE  NO:  Q.ll). 

3*  Ensure  stub  ends  of  pipes  in  vessel  are  covered  with  tape. 

U.  Remove  spatter  and  loose  particles  from  vessel  walls.  Brush  vessel  out. 

5.  Wash  vessel  with  Hot  Alkaline  wash  (6  ozs/gall  Aqueous  solu.  of 
APPLIED  CHEMICALS  5-5T  at  l60°P). 

6.  Rinse  with  pottable  water. 

7-  Mop  up  any  residual,  water  with  clean  * lint-free*  cloth. 

8.  Remove  tape  covering  stub-ends  from  inside  vessel. 

9.  Allow  surfaces  of  vessel  to  dry  as  quickly  as  possible.  Cleen  filtered 
wann  air  may  be  used. 

10.  Check  internal  surface  of  vessel  and  nozzles  with  bright  white  light  to 
Engineering  Standard  A03. 

11.  Check  internal  surface  of  vessel  and  nozzles  with  U.V.  lamp  to  Engineering 
Standard  AO 3. 

12.  Ensure  backing  strip  for  manway  and  manway  cover  are  degreased  before  fitting 
to  vessel  (Check  with  U.V.  lamp). 

13-  When  vessel  has  been  cleared  by  an  inspector  a label  'Degreased  for  Oxygen 
Service*  bearing  an  inspector’s  stamp,  should  be  attached  to  the  vessel. 

NOTE:  1.  For  Hydraulic  test  after  degrease  use  pottable  water. 

2.  For  Pneumatic  Test  after  degrease  use  dry  oil-free  Air  or  Nitrogen. 

3.  After  Pneumatic  Test  allow  air  to  discharge  through  each  pipe  in  order 
to  remove  any  possible  debris  in  the  pipes. 
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ALOCLENE  100  AND  APPLIED  CHEMICALS  5-57 

SUNBEAM  CHEMICALS  - ALOCLENE  100. 

SULPHURIC  ACID. 

HYDROFLUORIC  ACID. 

ETHYLENE  OXIDE  CONDENSATE  TYPE  DETERGENT. 
INORGANIC  INHIBITOR. 

APPLIED  CHEMICALS  3.^7. 

30%  CAUSTIC  SODA. 

SILICATES,  CARBONATES  AND  PHOSPHATES 
2 % ALKYL  SULPHONATE  TYPE  DETERGENT. 
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To  establish  the  basic  rules  for  the  design  of  gaseous  oxygen 
piping  systems o 

2 o SCOPE 


This  standard  defines  the  requirements  of  all  gaseous  oxygen  piping 
systems  designed  or  installed  by  AoPoLc  See  also  LS*  30/2  for 
transmission  lines. 

5»  DESIGN  CRITERIA 

Several  observations  have  been  made  from  the  study  of  past  history 
of  fires  in  oxygen  service. 

J>ol  There  is  no  indication  of  ignition  occurring  in  clean  carbon 
steel  systems  sized  for  normal  pressure  drop  unless  pre- 
cipitated by  the  introduction  of  foreign  substance. 

3g2  There  have  been  a number  of  instances  where  indications  are 
that  ignition  has  been  precipitated  in  both  carbon  steel  and 
stainless  steel  systems  operating  at  sonic  or  near  sonic 
velocity  without  evidence  of  the  introduction  of  foreign 
substances^  Although  the  higher  ignition  temperature  of 
stainless  steel  gives  some  added  protection  tc  these  systems 
at  high  velocitiesc 

3c3  Copper  and  nickel  alloys  both  have  the  characteristics  of 

melting  at  temperatures  below  the  ignition  temperature.  This 
characteristic  makes  them  extremely  resistant  to  ignition 
in  oxygen  service. 

3*^  Where  it  is  possible  to  construct  a clean  carbon  steel 

piping  system  and  maintain  it  in  a clean  condition,  there 
is  no  merit  assigned  to  a stainless  steel  piping  system. 

However,  where  systems  are  continuously  exposed  internally 
to  atmospheric  air,  the  system  should  be  constructed  of  a 
non-corrosive  material o Where  such  exposure  is  intermittent 
and  of  low  frequence,  the  piping  system  may  be  constructed 
of  carbon  steel  in  accordance  with  these  specifications,  but 
extreme  care  must  be  exercised  on  the  cleaning  of  all  rust 
particles  from  the  piping  system  before  replacing  it  in 
service.  The  Maintenance  and  Operating  Manual  must  note  any 
such  piping  systems  and  specify  the  detailed  cleaning  procedures. 

3o5  The  following  table  is  the  guide  to  the  correct  selection 
of  piping  and  valves  for  warm  oxygen  gas  service. 
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1 Velocity 

1-  - ^ ^ u J 

Oxygen  Condition  Allowable  Material 

L --  I 

Less  than 
i 200  fps 

^ 1 

Temp.  -20  Y or  above  | Carbon  Steel 
Dry  (Dew  point  below  * 

-40°F) . 

Less  than 
200  fps 

1 

Tempo  -20°F  or  above  ! Copper,  Copper  Alloy, 
Vet  gas  or  if  the  { stainless  steel 

1 pipe  bore  contacts  j 

atmospheric  air. 

! Over  200 

1 fps 

4 ' j --  - ^ 

Temp.  -20  F or  above  , Copper,  Copper  alloy. 

, Wet  or  dry.  j 

4 


3«5«2  VALVES  (velocity  less  than  200  fps*  at  normal  operating 

Globe  Valves  ) all  bronze  or  monel  /openingo) 

Control  Valves  ) construction 

Gate  ) Steel  or  cast  iron  body, all 

Butterfly  ) spindles,  wedges,  discs  and 

seating  faces  bronze  or  monel • 

3*5o3  VALVES  (velocity  over  200  fpso  at  normal  operating  openingo] 

All  valves  to  be  bronze  or  monel  construction « 

3o6  Oxygen  pipe  sizes  shall  be  specified  by  the  Process  Engineer 
and  shall  normally  be  based  on  an  economic  pressure  drop. 

Each  line  shall  be  checked  by  the  Process  Engineer  ajid  the 
Piping  Engineer  to  verify  that  the  velocity  in  the  nominal 
pipe  (as  opposed  to  valving  etc.)  does  not  exceed  approx- 
imately 200  fto  per  seco  independent  of  pressure o 

3*7  There  are  certain  areas  in  oxygen  piping  systems  which 
require  special  attention  because  the  velocity  is  known 
to  approach  sonic  velocity^  Some  of  these  are  specified 
below o 

In  most  cases,  the  maximum  flow  through  the  system  is  est- 
ablished by  the  size  of  valve  trim  operating  in  critical 
flow.  Pipe  velocities  are  to  be  determined  at  the  maximum 
valve  flow  and  the  designated  pipe  operating  pressure. 

3o7^1  Automatic  Pressure  Control  Vent  System  - see  Fig.l. 

(Sheet 

The  entire  system  downstream  of  the  valve  is  of  a 
non-corrosive  material  because  it  is  continuously 
exposed  to  the  atmosphere. 
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The  elbow  shown  in  the  sketch  is  not  desirable^  but  is  shown 
because  if  it  is  required  due  to  physical  layout  9 a straight 
of  at  least  six  pipe  diameters  must  be  provided  after  the 
elbow  before  going  into  the  tee  piece. 


run 


3*7o2  Oxygen  Compressor  Vent  System  See  Pigo  1 (Sheet  5) 

The  considerations  have  been  applied  here  that  have  been 
applied  to  the  Automatic  Pressure  Control  System, 


3® 7, 3 Pressure  i»et  Down  Sytem  - See  Pig  2 (sheet  6) 

This  system  will  be  used  for  such  applications  as  (a)  let 
down  from  storage  pressure  to  line  pressure ^(b)  let  down 
for  lower  pressure  requirements  in  multiple  user  systems. 

Such  systems  will  often  result  in  near  sonic  velocities  at 
the  control  valve  discharge.  The  Manual  block  valves  will  be 
gate  valves  made  from  carbon  steel  or  cast  iron  with  bronze 
trim. 


The  manual  by-pass  valve  should  be  a bronze  or  monel  globe 
valve  with  stellited  seat  and  disc  sized  with  a Cv  equal 
to  the  control  valve.  The  position  of  valves  and  arrangement 
of  the  piping  should  be  dictated  by  system  economics  within 
the  guidelines  of  this  standard, 

3®7«4  Compressor  Recycle  System  - See  Pig  3«  (Sheet  ?) 

This  system  is  particularly  critical  because  of  the  hi^  flow 
rate  and  the  conditions  under  which  it  is  operated.  The  hi^ 
pressure  by-pass  line  is  sized  by  process o It  is  preferable 
to  take  directional  changes  in  this  carbon  steel  line  in 
order  to  minimise  the  need  for  fittings  in  large  size  lines. 
The  control  valve  should  be  sized  at  1 20?S  of  the  compressor 
full  flow,  D2  will  normally  be  about  705^  of  D3  since  D3  is 
usually  sized  for  a low  pressure  drop.  D2  should  be  sized 
such  that  the  velocity  is  less  than  200  ft.  per  sec,  at  the 
minimum  downstream  pressure. 
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fr\  4*  Impingement  Plates 

4.1  The  use  of  impingement  plates  in  tees  or  the  use  of  monel  tees 
is  confirmed  to  the  following  2 conditions: 

(a)  When  oxygen  gas  velocity  is  greater  than  200  ft/sec 

(b)  The  flow  is  from  the  branch  to  the  run, 

4.2  When  the  gas  conditons  as  defined  in  4,1.  require  an  impingement 
plate  the  following  standard  will  apply: 

(a)  For  line  sizes  6”  and  under  use  a monel  (ASTM  BI64)  tee 

(b)  For  line  sizes  8**  over  the  impii^gement  plate  shall  be 
i"  thick  half  hard  rolled  brass  sheet  (ASTM  B36), 

The  plate  shall  exceed  the  branch  diameter  by  3"  on  each  side 
or  for  a total  length  of  the  branch  diameter  plus  6”, 

The  end  of  the  impingement  plate  must  be  at  least  from 
any  butt  weld  joint. 

The  plate  shall  cover  one  half  the  pipe  circumference  and 
be  tack  brazed  in  place  all  as  the  following  sketch. 


hLoW 


F.914 


I l- 


.Shcot  1} 


T 


U 

o 

(d 

f\J 

Q 

V£> 

§ 

13 

•H 


Alternative 

ConfiGWation  (non  STD). 
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ST.  Steel 


See  Below  t 


ST.  STL 


Carbon 

Stool 


Ujxi 


SlraiGJit  Thro*  ConTiGuration 
io  proforred# 


Dl  is  Sized  for  V ^ 200  ft/sec  at  maximum  flow  & pressure  at  inlet  of  vent  valve 
D2  is  Sized  for  V ^ 200  ft/sec  at  Atmospheric  Pressure. 

Automatic  Pressure  Control  Vent  System  Valve  to  be  a bronze  or  monel 
control  valve. 

Oxygen  Compressor  Vent  System  Valve  to  be  a bronze  or  monel  valve 
sized  at  not  less  than  the  capacity  of  the  Oompressor  Recycle  Control 
Valve • 

No  weld  back  up  strips  to  be  left  in  place. 
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Design  and  Safety  Standards  for  Carbon  Steel  Gaseous 
Oxygen  Transmission  Lines 

SCOPE 

This  information  covers  gaseous  oxygen  transmission  lines  in  carbon 
steel  up  to  a pressure  of  3000  psi  (207  bars)  and  temperature 
range  of  «20°F  to  +250‘^F  ( ^29°C  to  + 120°C)o 

GEIMEiUL 

201  All  pipe  material  selection  and  sizing  must  be  in  accordance 
with  relevant  Design  Engineering  Standard,  and  gas  velocity 
must  not  exceed  200  ft  per  sec,  (6lm/sec) 

202  All  pipe  lines  shall  be  installed  in  accordance  with 
Air  Products  Construction^  Specification  Mo02  and 
particular  attention  must  be  paid  to:~ 

(a)  Paragraph  5-  Welding 

(b)  Paragraph  6^.  Cleaning  of  Pipe  and  Fittings. 

2o5  Transmission  lines  shall  be  located  away  from  a source 
of  heat 5 power  lines  and  vibrationo 

2o4  Protection  shall  be  provided  against  physical  damage 
where  this  can  occur  due  to  vehicular  traffic  etc^ 


UNDEHGHOUND 

3«1  Mechanical  joints  are  not  permitted  underground.  All 
]oints  shall  be  welded  to  minimise  leakage o 

302  Oxygen  transmission  lines  are  peiTnitted  in  pipe  trenches^ 
ducts  and  tunnels  containing  flammable  gas  lines  only  if 
adequate  ventilation  is  available o Oxygen  lines  are  not 
permitted  in  pipe  trenches,  ducts  and  tunnels  containing 
piped  flammable  liquids  or  where  oxygen  leakage  may 
contact  oil., 

303  Oxygen  and  flat:iraabl€  gas  lines  located  in  filled  trenches 
shall  be  maintained  a minimum  distance  of  l8”  (450mm) 
between  the  exterior  surfaces  of  the  lines.  If  the  lines 
are  encased  in  concrete  a minimum  distance  of  12  inches 
(300mm),,  siiail  be  maintainedo 

304  Underground  lines  under  roadways  and  railways  shall  be 
encased  in  suitable  continuous  pipe  sleeves.  The  casing 
pipe  shall  extend  at  least  two  feet  each  side  of  the 
roadway  or  railway  and  must  be  vented  at  each  end. 
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505  As  an  alternative  underground  lines  under  railways  or 
roadways  may  be  protected  by  completely  encasing  the 

line  in  a concrete  jacketo  The  thickness  of  concrete  will 
depend  on  the  pipe  diameter  and  for  line  sizes  up  to  6 
inches  ( 150mm)  this  should  be  of  the  order  of  6 - 8 inches 
(150  - 200mm)  o (See  also  3ol5J 

506  Pipe  lines  shut  down  for  lengthy  periods  shall  be  purged 
out  with  clean,  dry,  oil  free  air  or  nitrogeUo  The  pipe 

line  shall  be  pressurised  to  a minimum  of  5 psig  (Oo35  bars)  on 
completion  of  purge  and  the  line  sealed  off  to  prevent 
ingress  of  moisture <> 

507  Oxygen  lines  shall  not  be  run  through  the  same  casing 
pipe  with  other  lines  containing  flammable  liquids  or 
gases  or  with  electrical  serviceso 

508  Underground  piping  leading  to  the  surface  shall  be 
protected  by  guard  posts  or  similar  methods  to  prevent 
accidental  rupture  of  the  lineo 

509  Underground  piping  shall  be  provided  with  block  valves 
such  that  periodic  leak  tests  may  be  made  by  holding  the 
appropriate  pressure  in  the  line  for  a minimum  of  one 
hour  a Normally  a block  valve  at  each  end  of  the  line  will 
be  adequat?o  All  valves  below  ground  must  be  accessible 
from  the  surface  by  the  provision  of  a brick-lined  access 

pi  to 

3.10  In  some  locations  it  may  be  necessary  to  provide  a sand  bed 
or  other  porous  beds  to  improve  drainage « 

3oll  Transmission  lines  shall  be  located  below  the  frost  line 
and  not  less  than  three  feet  (Im)  below  the  surfaceo 

3© 12  Underground  lines  shall  have  low  point  drains  as  necessary o 

3ol3u  The  exterior  surfaces  of  buried  carbon  steel  piping  shall 
be  protected  by  applying  a corrosion  resistant  coating  as 
follows: - 

Carbon  Steel  Piping 

Piping  should  be  coated  with  bitumen  and  covered  with 
suitable  felt  or  glass  fibre  bandageo  Contractor 
shall  submit  details  of  proposed  materials  for  approval 
prior  to  carrying  out  any  work* 


F.913. 


Al 


ENGINEERING 

STANDARD 


No.  1^.31 /l 

PAGE  ^ CONT.  ON  2 

REV  0 


TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service-CcSO  1,5) 


1 o PURPOSE 


1o!  The  purpose  of  this  selection  sheet  is  to  state  the  most  suitable 
and  economic  standard  piping ^ fittings  and  valves  for  the  given 
pressure  and  temper  attire. 

1o?  For  pressure  just  above  the  given  rating  it  may  be  more  economic 
^0  recalculate  or  review  the  rating  of  individual  items  shown 
on  this  sheet  rather  than  use  materials  from  the  next  higher  rating* 

1*3  These  selection  sheets  are  also  a guide  to  engineers  preparing 
job  specifications  for  special  ratings  or  services. 


2c  SCOPE 

The  sheets  list  all  approved  carbon  steel  pipe  and  fittings  and  suitable 
valves  for  use  with  them  for  a duty  of  150  psig  max,  and  at  all 
temperatures  between  +100^F  and  -20^F  for  Dry  Oxygen  Gas,  (Dry  oxygen 
gas  has  a dew  point  of  -40^P  and  better). 


3.  GENERAL 


3® I This  standard  is  to  be  read  in  conjunction  with  LSo30/2  '^Design 

ard  Safety  Standards  for  Carbon  Steel  Gaseous  Oxygen  transmission 
1 ines  I* 

3o2  THIS  CLAUSE  IS  ONLY  APPLICABLE  FOR  TEES  IN  PRESSURE  LET  iX)WN  SYSTEMS 
WHERE  THE  VELOCITY  EXCEEDS  200  F,P  S,  AS,  FOR  EXAMPLE,  IMMEDIATELY 
DOWN  STR.EAM  OP  PRESSURE  CONTROL  VALVES  ETC, 

When  flow  is  from  the  branch  into  the  run  a monel  (ASTM  B164) 
tee  Shall  be  used  in  sizes  6"  and  below. 

In  sizes  8’-  and  larger  a brass  impingement  plate  shall  be  installed 
in  tne  straight  run.  The  impingement  plate  shall  be  -I-**  thick 
half  hard  rolled  brass  sheet,  B32874  CZ112,  Its  length  shall  be, 
such  that  when  placed  centrally  under  the  branchy  each  end  of  the 
impingement  plate  extends  3"  beyond  the  branch  inside  wall 
providing  that  a minimum  of  1^”  is  kept  clear  of  the  butt  weld  end 
of  the  ruHp  it  shall  cover  one  half  of  the  pipe  circumference 
of  the  main  rm. 

See  attached  Fig  I , 


\ 
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TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  1^0  PSIG  (CSO  lo3) 


Not0o  Due  to  the  difficulties  of  welding  high  carbon  content 
steels^  the  carbon  and  oaiigaiieQ^  liAxtatlonB  of  grade 
must  be  specified  when  ordering  pipe. 

5 ->4  Fabricated  bends  made  from  pressed  halves  welded 

together  may  be  used  if  for  any  reason  forged  or  pulled 
bends  are  unobtainable o There  is  no;  minimum  bend  radius 
other  than  that  due  to  manufacturing  limitations o 

Check  valves  listed  are  for  centrifugal  compressor  systems 
onlyb  For  reciprocating  compressor  check  valves  consult  the 
Design  Engineering  Managero 


An  external  corrosion  allowance  ofo05f*  has  been  included  in  arriving 
at  the  list  of  standard  piping  and  the  designer  must  recalculate  if 
greater  corrosion  is  to  be  expected o 


Piping  Size 
Nominal  Bore 


Description 


kol  Pipe  Transmission 
- 2"  SCHo  kO 


> ^ 8" 


10"  - 12" 


Material 

Specification 


SCHo  ^0  Seamless  API-5L- B 

Threaded  Ends 

SCHo  40  EoRoWo  Plain  API-5L-  B 
Ends 

SCHo  20  (i"Wall)  API-5L-B 

ERW  Plain  Ends 

SCHo  10  (i"  Wall)  API-5L-B 

ERW  Plain  Ends  (ASTM  A53 


API-5L- B 


API-5L- B 
(ASTM  A55-^  ) 


AoPoLo  Material 
Code  Group. 


1o41o380 


1o4i„38o 

1o41o380 
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Piping  Selection  Sheet-Carbon  Steel -Warm  Oxygen  Service-(CSO  1»5) 


5o  FITTINGS 

5..1  Pulled  ^ends  ■ Allow--  fr*  j ’omriiTtg 


Piping?  Size 

Descri ption 

Material 

APL  Material 

Nominal  Bore 

Speci f ication 

Code  Group 

i"  - 2" 

(Site) 

SCHo^O  ERW  or  Seamless 
Plain  Ends 

API-5L-B 

1-41-380 

i"  • 4" 
(Acre fair) 

SCH.40  ERW  or  Seamless 

API-5L-B 

1-41-380 

5-2  Tees  (See  Note  32) 

Branch  Size 
Nominal  Bore 

Description 

Material 

Specification 

APL  Material 
Code  GroWp 

5"  - 1" 

SCHo^O  Forged 
Sockolets 

ASTM  A105oGKo2 

4-26-223 

- 1" 

5000  psio  Forged 
Threadolets 

ASTH  A105oGRo2 

4-26-123 

1^"  --  8" 

SCHo40  Branch 
Welding  only 

API-5L-B 

1-41-580 

10"  .=  12" 

SCHo20  Branch 
Welding  Only 

API-5L-B 

l4"  - 24" 

SCH  10  Branch 
Welding  only 

API-5If-B 

ij"  & 2" 

(See  Note  3«3) 

SCHc40  Forged  Tees 
Socket  Weld  Ends. 

ASTM  A234  WEB 

4-28-351 

3"  - 8" 

(See  Note  3o3) 

SCHo40  Forged  Tees 
Buttweld  Ends 

ASTM  A234  WEB 

4-28-752 

5o5  Reducers 

1^"  - 8" 

& 

SCHo40  Fabricated 
from  pipe.  Buttweld 
Endsu 

API-5L-B 

10"  - 12" 

SCH o 20  Fabricated 
from  pipe.  Buttweld 
Ends  0 

API-5L-B 

1^"  - 6" 

SCHo40  Forged 

A234  WPoB 

4-28-712 

Buttweld  Ends.. 
USAS  B.16o9 
(or  BS,>1640) 
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TITLE  Piping  Selection  Sheet-Carbon  Steel“'Wann  Oxygen  Senric*-(CSO  1«5) 


Branch  Size 
Nominal  Bore 


Description 


Material 


AFL  Material 


5o5  Unions o Carbon  Steel 


■ 2” 

„ 2-. 


3000  lb . Forged 
Steel  Threaded  Ends 


3000  Ibo  Forged  Steel 
Socket  Weld  Ends 


Specification  Code  Group 


ASTM  A105oGRo2  4«27  68O 
(BS3W  & BS 
I5O3-I6I0GR0B) 

ASTM  A105oGRc2  4,28o680 
(or  BS3799  & BS 
I503-I6I0GR0B) 


BACKING  STRIP 


Not  allowed  on  carbon  steel  oxygen  trsmsmission  lines » 


FLANGES 


4"  - 24" 

Class  150  Forged  Steel 
RoFo  Slip  on  Weldo 
USAS  Bol6o5  w 

BSo1560> 

ASTM  AI8I  GRol 
(or  BS1503-161 
GRo  A & B) 

4o25o132 

1"  » 3" 

Class  150  Forged  Steel 
RoFo  Weld  Neck 
USAS  Bol6o5  or 
BSo1560‘ 

ASTM  AlSloGRcl 
(or  BS1503-161 
GR,  A & B) 

4 „ 25  0 1.52 

8„ 

BOLTING  (See 

LSo04) 

All  sxzes 

Studs, Alloy  Steelo  Full 
Thread  Nutso  Hexo 
Carbon  Steelo 

ASTM  A193-B7 
ASTM  A194o2H 

9o 

GASKETS  (See 

LSo04) 

All  sizes 

Compressed  asbestos 
Fibre  l/l6**  thick 

KLINGERIT  66l 

4,24'olH 

10, 

VALVES  (See  LS0O5) 

Type  No, 

Description 

Veilve  Type 

Code  Noo 

BZ/05/05 

2”  & smaller  Class  I50 
Bronze  Body  & Trim 

Gate 

CI/05/01 

CI/05/02 

Over  2”  Class  125  Cast 
Iron  Bodyo  Bronze  Trim 

Gate 

B2/03/12 

2”  & smaller  Class  I50 
Bronze  Body  & Trim 

Globe 

r 
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Service-(CSO  lo5) 


lOo  (Cont°d)ooo 


Type  Noq 

Description 

Valve  Type 

BZ/03/12 

5"  & 4"  Class  150 
Bronze  Body  & Trim 

Globe 

SS/03/01 

modified 

Class  150  St/Stl  type 
304  or  316  with  Bronze 
Seat  & DisCo 

Globe 

BZ/07/01 

& above  Class  150 
Bronze 0 

Check 

BVOI/01 

i"  1'*  3000  psi  0 

Fating 0 Bronze > 

Needle 

Code  Noc 


1 
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c'i.  ■ 


i o PURPOSE 

%t.  Tne  purpose  of  this  9ele-i^tion  sheet  it  Id  select  the  most 

suitable  and  economii^  standard  piping^  fittings  arid  valves: 
for  the  gi  ven  pressure  and  em;  era 

:o/  For  pressure  just  above  tne  gj  ver  rating  it  muy  be  moi  e e ^romi 
to  recairulate  or  review  the  rating  of  individual  items  ehowr- 
on  this  shee'’  rather  than  use  (materials  i rom  the  next  higher 
ratingo 

io5  These  seiec^ioci  sheetb  are  also  a guide  to  etigiueerc  preparing? 
joD  Specification  lor  spe'^iul  ratings  or  ^er<ace?o 

2o  3C0PE 

This  sheet  lisii;  all  approved  carbon  -steel  pipe  and  fittings  and 
suitable  valves  lor  use  with  them  for  a duty  of  tilb  pmgo  max  ard 
at  all  temperatures  between  >100  ir  and  -20  F for  Dry  Oxygen  OaSe 
iUry  oxygen  gas  a jew  point  of  -4u^c  or  better ;o 

5o  GENERAL 

5o  i:  This  standard  is  to  be  read  in  conjuncticn  with  L „50/2 

resign  and  Safety  standards  for  t'arbon  Steel  Gaseou^-  Oxyger 
Traiismission  Lines o 

3o2  THIS  CU^USii.  IS  ONhl  iiPiLiCABLE  i^R  TEEi;  iU  nET  D0\vN 

SYSTEMS  WHERE  THE  VELOCITY  EXCEEDS  200  Fdc.L.  AS,  FOR  EXAMPLE 
.MTnEDI  tTiH.Y  jOWN  STREAM  OF  PRESSURE  CONTROL  VkLVBJS  ETl\ 

When  ilow  is  1 tom  the  branch  into  the  run  a monel  (A31M  B36A 
tee  shall  be  used  in  sizes  6*'  and  below  a 

in  siies  8’^  and  larger  a brass  impingement  plate  snail  ce 
installed  in  the  srraignt  run,.  The  Impinge  ^late  shall  be 
i'*  thu  K naif  r^ara  toiled  brass  sneet  , i 'j 
length  i’Aiali  he  , i uc  m tnat  when  pla  ei  .erd  '^ally  unatr  u e 
cianch  ea^,  h end  ci  tne  impingemeni  plate  exieiid^  >'  ceyDr.d  't 
bran^.c  in?iicie  wall  proviaing  Hi  minimum  o!  ! > i.i  kept  t lea; 
of  the  butt  welci  end  of  me  run  shall  ^over  une  naif  ot 
the  pipe  cucumlerence  of  the  main  runo 


See  a t lac  hed  Fi g ^ 1 
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Flow 


9 

mmv\ 


k ^5 
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TITLE 


Pi  GrLA'R-^  I 
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TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  27^  PSIG  (CSO  2o7, 


3o3  Noteo  Due  to  the  difficulties  of  welding  high  carbon  content 
steels  the  carbon  and  manganege  limitations  of  grade  'A*  must 
be  specified  when  ordering  grade  pipeo 

3c4  Check  valves  listed  are  for  centrifugal  compressor  systems 
only,  for  reciprocating  compressor  check  valves  consult  the 
Design  Engineering  Manager o 


4o  PIPS 

o05**  external  corrosion  allowance  has  been  included  in  arrivirig  at 
the  list  of  standard  piping  and  the  designer  must  recalculate  when 
greater  corrosion  is  to  be  expectedo 


Btning  Size  Deacriotion  Material  APL  Material 

Nominal  Bore  Specification  Code  Group 


i”  - 2"  SCH.40  Seamless  API-5L-B 

Threaded  Ends 

•ir’'  » 8"  SCH.40  E.R.W,  Plain  API-5L-B 

Ends 


1o4U380 
1 o41 o3QO 


10"  » 12"  3CH.20  U"  Wall) 

ERW  Plain  BndSo 

14"  - 20"  3CH.10  (i-"  Wall) 

ERW.  Plain  Ends 


API-5L-B  1.41.380 

API-5L-B 
(ASTM  A53-BJ 


5.  FITTINGS 

Pulled  Bends  15;^  Thinning  allowed  for* 


y*  - 2”  SCHo40  Plain  API-5h-B 

(site)  Ends 

f'  - 4"  3CHn40  EoRcWo  Plain  API-5Ii-B 

(Acrefair)  Ends 


F.914 


bo2  Tees  (See  Note  3.2} 

Rrnnrh  Size  Description  Material  APL  Material 

Nominal  Bore  Specification  — Group 

-j " SCHoAO  Forged  Sockolets  A3TM  Al03oGRo2  'U?b„2?3 

3000  psi.  Forged  A3TM  A!03<,GBo2  4„2fco  ?5 

Threadolets 

1^"  - 8"  SCHo40  Branch  Welding  AP1-3L"B 

only 

10”  ” 12"  SCH,20  Branch  Welding  API‘-5L“B 


14"  - 20"  BGHolO  Branch  Welding  AP1-5L-B 

only 

li"  & 2"  SCH.40  Wrought  Teea  A3TM  A254 - WPoB  4 ,28.331 

Socket  Weld  Ends 

3«  - 8"  SCHo40WtrD^[i^Tee8  ASTM  A234.WP.B  4.28.732 

Buttweld  Ends 

3.3  Reducers 

SCH.40  Wrou^t  ASTM  A234.WP.B.  4.28.712 

USAS  B16.9  (BS  1640) 

10"  - 12"  SCH.20  Wrought  ASTM  A234.WP.B 

USAS  B16.9 


ASTM  A105.GH.2  4o27.C00 

(B3  3799  & BS 
1303-161  GR.B) 

ASTM  A103  GR.2  4.28.680 
(or  B33799  & BS 
1503-161  (M.b) 

6.  BACKING  aiSl.P 

Backing  strips  shall  not  bo  used  on  carbon  steel  oxygen  lines. 
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Piping  Selection  Sheet-Carbon  3teel-Warm  Oxygon  Ri>T.vir« 

137^  pr3Tn  { q •7^ 

PlDlne  Size 

Bescriotion 

SDftClfication 

APL  Material 
Code  Group 

7o  PLANGES 

1"  ~ 3" 

Class  150  Forged  Steel 
R(,Fo  Weld  Neck 
USAS  B16.5  (or  BS1560) 

ASTM  A181  0R.1 
(or  BS1 503-161 
OR  B) 

4.25.152 

4”  - 24" 

Class  150  Forged  .Steel 
RoFo  Slip  on  Veld 
USAS  B16.5  (or  BS1560) 

ASTM  A181  GR.1 
(or  BS1503-161 
GR  B) 

4.25.132 

8,  BOLTING  (See 

LS„04) 

All  sizes 

Studs  Alloy  Steel.  Full  A3TM  A193.B7 
Thread  Nuts.  Hex.  Carbon  ASTM  A194.2H 
Steel „ 

9.  GASKETS  (See 

LS.04) 

All  sizes 

Compressed  Asbestos 
Fibre  I/I6"  thick 
USAS  B16.5  (or  BS1560) 

KLINGERIT  66 1 

4.24.111 

10„  m^m  (See  LS,05) 

True  NOn 

Description 

Yalve  Type 

CO'i*  No. 

^/05/05 

2'*  & smaller  Class  150 
Bronze  Body  & Trim 

Gate 

* 

Cl/05/03 

Over  2'*  Class  250  Cast 
Iron  Bodye  Bronze  Tria 

Gate 

BZ/03/12 

■Jr"  ft  Over  Class  150 
Bronze  Body  ft  Trim 

Globe 

SS/03/01 

Over  4"  Class  150 
ST/STL  typo  304  or 
316  - 

Bronze  Seat  ft  Disc 

Globe 

BZ/07/01 

“Jr**  4 above  Class  150 
Bronze 

Check 

BZ/01/01 

i”  - 1"  - 3000  pel. 
Rating.  Bronze 

Needle 
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TITLE  Piping  Selec  tion  Sheet  ^Carbon  Steeli-Warm  Oxygen  Service  500  PSIG 


1o  HJRPOgE 


The  purpose  of  the  selection  sheet  is  to  select  the  most 
suitable  and  economic  standard  piping^,  fittings  and  valves 
for  the  given  pressure  and  temperature© 

1,2  PtHT  pressure  just  above  the  given  rating  it  may  be  more 

economic  to  recalculate  or  review  the  rating  of  individual 
items  shown  on  this  sheet  rather  than  use  materials  from 
the  next  higher  ratinge 


“f  e3  These  selection  sheets  are  also  a guide  to  engineers 

preparing  job  specification  for  special  ratings  or  service© 

2o  SCOPE 


This  sheet  lists  all  approved  carbon  steel  pipe  and  fittings 
suitable  valves  for  use  with  them  for  a duty  of  500  psig  max  and 
at  all  temperatures  between  +1  00  F and  --20  F for  Dry  Oxygen  GaSo 
(Dry  oxygen  nas  a dew  point  of  -dO^F  or  better)© 

3o  GENERAL 

3o1;  This  standard  is  to  be  read  in  conjunction  with  LSo30/2 
** Design  and  Safety  Standards  for  Carbon  Steel  Gaseous 
Oxygen  Transmission  Lines 5 

3e2  THIS  CLAUSE  IS  ONLY  APPLICABLE  FOR  TP^^ES  IN  PRESSURE  LET 
DOWN  SYSTET43  WHERE  THE  VELOCITY  EXCEEDS  200  F.P.S.  AS,. 

FOR  EXAMPLE,  IMMEDIATELY  DOWN  STREAM  OF  PRESSURE  CONTROL 
VALVES  ETC© 

When  flow  is  from  the  branch  into  the  run  a monel  (ASTM  B164) 
tee  shall  be  used  in  sizes  6”  and  be  low « 

In  Biies  8^*  and  larger  a brass  impingement  plate  shall  be  installed 
in  the  straight  run©  Impingement  plate  extends  3*^  beyond  the 
brancr.  inside  wall,;,  providing  that  a minimum  of  1^”  is  Icept 
clear  of  the  butt  weld  end  of  the  rung  it  shall  cover  one 
half  of  tne  pipe  circumference  of  the  main  run© 

See  attached  Fig©  1© 
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TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  500  PSIG  CSC  5,0 


303  Note  due  to  the  difficulties  of  ii^lding  high  carbon  content  steels o 
The  carbon  and  manganese  limitations  of  grade  *A®  must  be  specified 
when  ordering  grade  pipe^ 

304  Check  valves  listed  are  for  centrifugal  compressor  systems  only 
for  reciprocating  compressor  check  valves  consult  the  Design 
Elngineering  Manager  o 


o05”  external  corrosion  allowance  has  been  included  in  arriving  at  the 
list  of  standard  piping  and  the  designer  must  recalculate  when 
greater  corrosion  is  to  be  expected « 


Piping  Size 
Nominal  Bore 


Description 


4o1  Pipe  Transmission 


- 2" 


i"  - 10" 


12"  - 14" 


SCHo  40  Seamless 
Threaded  Ends 


STDoWTo  (Oo375  WoTo) 
EoRoWo  Plain  Ends 


Material  APL  Material 
Specification  Code  Group 


API^5L™B 
(ASTM  A53-B) 


SCH,  40  EoRoW.  Plain  API-5L-B 


(ASTM  A53-B) 


1 .41 .380 


1.41.380 


FITTINGS 

5.1  Pulled  Bends  15?^  Thinning  allowed  for 

i"  - 2"  SCH,  40  Seamless  Plain  API-5L-B 

Ends 


5o2  Elbows 

i"  » 2" 


SCH.  40  E.R.W.  Plain  API-5L-B 
Ends 


3000  lbs  forged 
Socket  Weld  Binds 


ASTM  A234-WPB 
USAS  BI60II 


SCHo  40  Wrought 
Butt  weld  Ends 


ASTM  A234-WPB 
USAS  Bol6o9 


12"  - 14 


STD.  ¥T  (o.375"  W.T.)  ASTM  A234-WPB 
Butt  Weld  Ends  USAS  B16.9 
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TITLE  Piping  Selection  Sheet-Carbon  steel- Warm  Oxygen  Service  ^00  paig  CSO  3.0 


Description 
5,5  Tees  (See  Note  3.2) 


Piping  Siae 
Nominal  Bore 


Material 

Specification 


APL  Material 
Code  Group 


Branch  Size 

i"  - 1" 

SCHo  40  Forged 
Sockolets 

ASTM  A 105.GR.2 

4,26.223 

• ♦ 

i"  - 1" 

3000  psio  Forged 
Threadolets 

ASTM  A105.GR.2 

4.26.123 

2" 

SCH.  40  Forged  Tees  ASTM  A234.WPB 
Socket  Weld  Ends 

4.28.351 

3"  - 10" 

SCHo  40  Wrought 
Buttweld  ends 
USAS  Bl6o9 
(BS  1640). 

ASTM  A234.WPB 

4.28.351 

12"  - 14" 

STD  WT  Branch 
Welding  Only 

API”5L-B 

5.4  Reducers 

1-i^*  - 10" 

SCHe  40  Wrought 
Buttweld  Ends 
USAS  B16o9 
(bS  1640) 

A234.WPB 

4.28.712 

12"  » 14" 

STD  WT  Wrought 
Buttweld  Ends 
USAS  Bol6o9 
(bS  1640) 

ASTM  A234.WPB 

5o5  Unions 

i"  2" 

3000  1h  Forged  Steel  ASTM  A1 05 .01.2 
Threaded  Ends  (bS  3799  & BS 

1503-161  GR.B) 

4.28.680 

i"  - 2" 

3000  lb  Forged  Steel  ASTM  A105.PR.2 
Socket  Weld  Ends  (or  BS  3799  & 

BS  1503-161  GR.B) 

4.28.680 

6.  BACKING  STRIP 

Backing  strip  shall  not  be  used  on  carbon  steel  oxygen  transmission  lines 

7,  FLANGES 

t **  5**  Glass  300  Forged  Steel  ASTM  A181 0GR0I  4-0250132 

RcFo  Weld  Neck  (or  BS  1503-161 

USAS  B16.5  GR.  B) 

_ 24"  Class  300  Forged  Steel  ASTM  A181.GRu1  4.25.132 

R.F.  Slip  on  Weld  (or  BS1503-161 

USAS  B16.5  GR.  B)» 
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TITLE  Piping  Selection  Sheet->Garbon  Steel-Warm  Oagfgett  Senrice  tjOn  PSIG  CSO  %Q 


Piping  Size 

Description 

Materiel 

Specification 

APL  Material 
Code  Group 

BOLTING 

(See  LSo04) 

All  sizes 

Studs  Alloy  Steel o 
Full  Thread  Nuts, 
Hexo  Carbon  Steel ° 

ASTM  A193oB7 
ASTH  A194o2H‘ 

GASKETS 

(See  LSo04) 

All  sizes 

Compressed  Asbestos 
Fibre  l/l6"  thick 
USAS  Bl6o5(or  BSI56O) 

KLIN6ERXT  66l 

4<,24o111 

VALVES 

(See  Stdo  LS0O5) 

Type  Noo 

Description 

Valve  Type 

Code  Nbo 

B^/05/06 

2"  Sc  smaller  Class  300 
Bronze  Body  & Trim 

Gate 

CS/05/11 

Over  2”  Class  300  Cast 
Steel  Bronze  Trim 

Gate 

^2/03/13 

■J**  &Abcee  Class  300 
^ronze  Body  & Trim 

Globe 

SS/03/06 

Modified 

Over  4"  Claes  300 
St/Stl  type  304  or 
3160  Bronze  Seat  & 
Trim. 

Globe 

BZ/07/02 

& above  Class  300 
Bronze 

Check 

BZ/01/01 

» 1"  - 3000  psi 

Needle 

rating o Bronze. 
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TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  720  PSIG 


1 o PURPOSE 


2 


The  purpose  of  this  selection  sheet  is  to  select  the  most 
suitable  and  economic  standard  piping,  fittings  and  valves 
for  the  given  pressure  and  temperature o 


For  pressure  just  above  the  given  rating  it  may  be  more 
economic  to  recalculate  or  review  the  rating  of  individual 
Items  shown  on  this  sheet  rather  than  use  materials  from 
the  next  nigher  rating. 


^ e3  These  selection  sheets  are  also  a guide  to  engineers 

preparing  job  specification  for  special  ratings  or  servicec 

2,  SCOPE 


This  sheet  lists  all  approved  carbon  steel  pipe  and  fittings  and 
suitable  valves  for  use  with  them  for  a duty  of  720  PSIG  max,  and 
at  all  temperatures  between  +100  P and  -20°P  for  Dry  Oxygen  Gas, 
(Dry  oxygen  gas  has  a dew  point  of  -40^F  or  better) „ 

3o  GENERAL 


This  standard  is  to  be  read  in  conjunction  with  LSo30/2 
Design  and  Safety  Standards  for  Carbon  Steel  Gaseous  Oxygen 
Transmission  Lines V 


3^2  THIS  CLAUSE  IS  ONLY  APPLICABLE  FOR  TEES  IN  PRESSURE  LET  DOWN 
SYSTEMS  WHERE  THE  VELOCITY  EXCEEDS  200  PoP,S,  AS p FOR  EXAMPLE 
IMMEDIATELY  DOWN  STREAM  OF  PRESSURE  CONTROL  VALVES  ETC, 

When  flow  is  from  the  branch  into  the  run  a monel  (ASTM  B164) 
tee  shall  De  used  in  sizes  6”  and  be low o 

In  sizes  8”  and  larger  a brass  impingement  plate  shall  be 
installed  in  the  straight  run»  The  impingement  plate  shall 
be  thick  half  hard  rolled  brass  sheetp  BS2874  CZn2,  Its 
length  shall  be,  such  that  when  placed  centrally  under  the 
branch p each  end  of  the  impingement  plate  extends  3**^  beyond 
the  branch  inside  wall  providing  that  a minimum  of  is 
kept  clear  of  the  butt  weld  end  of  the  run^  it  shall  cover 
one  half  of  the  pipe  circumference  of  the  main  run. 

See  attached  Fig^  1o 
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TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  720  PSIG  CSO  7.2 


3o3  Note  that  due  to  the  difficulties  of  welding  high  carbon  content 
steels  the  carbon  and  manganese  limitations  of  Grade  *A*  must 
be  specified  when  ordering  Grade  *3*^  Pipe* 

5.4  Check  valves  listed  are  for  centrifugal  compressor  systems 
only  for  reciprocating  compressor  check  valves  consult  the 
Design  Engineering  Manager. 


e05”  external  corrosion  allowance  has  been  included  in  arriving  at 
the  list  of  standard  piping  and  the  desinger  must  recalculate  when 
greater  corrosion  is  to  be  expected. 


Description 


Nominal  Bore 


Material  APL  Material 
Specification  Code  Group 


4.1  Pipe  Transmission 


i"  - 2"  SCHo  40  Seamless 

Threaded  Ends 


API-5L-B 
(ASTM  A53-B) 


1.41.380 


i”  - 8"  ' SCH,  40  E.R.Wo  Plain  API-5L-B 

Ends  (ASTM  A53-B) 


1 .41 .380 


10"-  14"  SCH,  40  E.R.W,  Plain  API-5L-B 

Ends  (ASTM  A53-B) 


1 .41.380 


PIi'TINGS 

5.1  Pulled  Bends  15?^  Thinning  allowed  for 


i"  - 2" 


- 4" 


SCHo  40  Seamless  Plain  API  -5L-B 
Ends 

SCHo  40  E.R.W.  Plain  API-5Ir-B 
Ends 
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TITLE  Selection  Sheet-Carbon  Steel-lrfarm  Oxygen  Service  720  PSIG  CSO  7o2 


PininfiT  Size 
Nominal  Bore 

Description 

Material 

Specification 

APL  Material 
Code  Group 

5o2  Tees 

(See  Note  3.2) 

Branch  Size 

t"  - 1" 

SCHo  40  Forged 
Sockolets 

ASTM  A105.GR.2 

4.26.223 

i"  - 1" 

3000  psie  Forged 
Threadolets 

ASTM  A105cGRo2 

4.26.123 

i"  & 2" 

SCHo  40  Forged  Tees 
Socket  Weld  Ends 

ASTM  A234oWPB 

4.28,351 

3"  - 10" 

SCHo  40  Wrought 
Butt  weld  ends 
USAS  BI6,9  (BS  1640) 

ASTM  A234  WPB 

12"  - 14" 

SCHo  40  Branch 
Welding  Only 

API-5L-B 

5«3  Reducers 

> 

1^'  _ 14" 

SCH.  46  Wrought 

A234oWPB  . . 

4.28.712 

5o4  Unions 

i"  - 2" 

I"  - 2" 


^ttweld  Ends 
USAS  B16.9(BS  1640) 


3000  lb  Forged  Steel  ASTM  A 105oGR*2  4<>27o680 

Threaded  Ends  (BS  3799  & BS 

1503-161  GRcB) 

3000  lb  Forged  Steel  ASTM  A105.GR,2  4 • 28 „ 680 

Socket  Weld  Ends  (or  BS  3799  & 

BS  1503-161  GRoB) 


BACKING  STRIP 

Backing  strip  shall  not  be  used  on  carbon  steel  oxygen  transmission  lines 
FLANGES 


<•  _ 


4"  - 24" 


Class  300  Forged  Steel  ASTM  A181,GRo1  4o25.132 

R,P,  Vfeld  Neck  (or  BS1 503-1 61 

USAS  B16.5  GRo  b) 

Class  300  Forged  Steel  ASTM  A181.GR.1  4. 25.132 

RoP.  Slip  on  Weld  (or  BS1 503-1 61 

USAS  B16.5  GR.  B) 


F.914 


ENGINEERING 

STANDARD 


LS.3I0A- 

4 CONT.  ON 

0 


TITLE  Piping  Selection  Sheet-Carbon  Steel-Warm  Oxygen  Service  720  paig  CSO  7o2 


PiDins  Size 

Description 

Material  APL  Material 

Specification  Code  Group 

BOLTING 

(See  LS,04) 

All  sizes 

Studs  Alloy  Steelo 
Pull  Thread  Nuts 
HeXp  Carbon  Steel 

ASTM  A195.B7 
ASTM  A194.2H 

• 

GASKETS 

(See  LS.04) 

All  sizes 

Compressed  Asbestos 
Fibre  I/I6”  thick 
USAS  B16,5(or  BS1560) 

KLINGERIT  661 

4.24.111 

VALVES 

(See  Std.  LS.05) 

Type  No a 

Description 

Valve  Type 

Code  No. 

BZ/05/06 

2"  & smaller  Class  300 
Bronze  Body  & Trim 

Gate 

cs/05/1 1 

Over  2”  Class  300  Cast 
Steel  Bronze  Trim 

Gate 

Bz/03/13 

& above  class  3OO 
Bronze  Body  & Trim 

Globe 

ss/03/06 

Modified 

Over  4"  Class  300 
st/stl  type  3SU  or 
31 6 p Bronze  Seat  & 
Trim 

Globe 

Bz/07/02 

-J-"  & above  Class  300 
Bronze 

Check 

Bz/01/01 

^ 3000  psi 
ratingo  Bronze 0 

Needle 
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CENTRIFUGAL  OXYGEN  COMPRESSOR  MANUAL  - HATTINGEN 


1.  Purpose 

This  manual  establishes  a standard  procedure  for  the  safe  operation  of  the 
Hattingen  centrifugal  oxygen  compressor  and  must  be  read  in  conjunction 
with  the  manufacturers  Hand  Book. 


2.  Scope 

2*1  The  manual  outlines  the  procedures  to  be  followed  during  maintenance 
work,  and  st8u*tup  and  shutdown  of  the  machine. 

2.2  These  procedures  are  mandatory  and  will  be  strictly  enforced  by  pl«uit 
mcmagement . 


3.  Responsibility 

3.1  All  plant  management  operators,  maintenance  personnel,  and  other  persons 
associated  with  oxygen  compressor  operation  must  be  familiar  with  the 
information  contained  in  this  procedure  and  are  responsible  for 
compliance. 

3.2  The  above  persons  shall  also  be  familar  with  the  vendors  literature. 


U.  Forbidden  and  Restricted  Areas 


U.l  The  area  immediately  adjacent  to  the  compressor  is  enclosed  by  protective 
barriers,  when  the  machine  is  on  oxygen  service  all  personnel  are 
bo  forbidden  entry  to  the  area  within  the  barriers. 

U.2  The  area  surrounding  the  compressor  but  outside  the  barrier  shall  be 
clearly  defined  by  appropriate  signs,  and  entry  will  be  restricted  as 
follows : 

U.2.1  When  the  machine  is  in  oxygen  service  and  operating  normally  one 
operator  or  one  supervisor  for  the  purpose  of  routine  monitoring. 

U.2. 2 When  the  machine  is  being  transferred  from  Nitrogen  to  Oxygen 
service,  or  vice  versa  a maximum  of  two  operators  and  one 
supervisor  for  the  purpose  of  valve  operation. 

U.2. 3 Other  personnel  will  only  be  admitted  when  the  machine  is  operating 
on  Nitrogen  or  is  shutdown. 
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5»  Inatryanentation  on  Oxygen  Compressors 

5.1  All  presstire  and  temperatixre  indication  shall  he  remote. 

5.2  Gauges  located  on  the  Compressor  i.e.  shaft  movement  indicators  or 
on  the  pipework,  including  instrumentation  for  auxiliaries  shall  be 
outside  the  protective  barrier. 

5.3  The  compressor  shall  be  fitted  with  proximity  probes  at  each  bearing 
which  shall  alarm  at  0.5  mils  and  trip  at  1.5  mils  above  normal. 

5.^  The  compressor  shall  be  fitted  with  a axial  position  indicator  which 
shall  alarm  in  the  event  of  the  shaft  moving  O.lt  mms  relative  to  the 
thrust  and  trip  should  the  movement  reach  0.8  mms. 

5.5  Pressure  gauges  shall  be  green  lined  at  their  normal  operating  presstures. 
They  shall  also  be  red  lined  at  their  operating  limits.  Red  lines  for 
individual  stage  pressure  gauge  markings  shall  be  at  their  relief  valve 
set  pressures . Rotor  shift  indicator  shall  be  red  lined  at  shut  down 
setting.  Seal  system  pressures  shall  be  red  lined  at  alaimi  and  trip 
conditions . 

5.6  Temperature  indicators  shall  be  green  lined  at  their  normal  operating 
temperatures.  Indicator  switches  shall  be  red  lined  at  both  the  alarm 
and  trip  positions.  (These  are  normally  25°P.and  50°F. above  normal 
operating  temperature.)  Temperature  indicators  at  points  other  than 
those  with  switches  sheLLl  be  red  lined  at  a maximum  of  25°F. above  normal. 

5.7  Oxygen  tubing  and  lubricant  tubing  to  gauges  on  the  oxygen  compressor 
panels  shall  be  segregated.  Individual  tubing  supports  and  troughs  shall 
be  used,  and  spacing  shall  be  adequate.  Lubricant  tubing  shall  be 
positioned  such  that  leakage  cannot  drip  onto  oxygen  tubing. 
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6.  start Ing-up  - Noraal 

6.1  Under  no  circumstances  will  an  oxygen  compressor  be  started  by  operators 
without  the  prior  consent  of  the  Plant  Manager  or  his  delegate. 

6.2  All  barriers  are  to  be  in  place  and  secured  prior  to  a compressor  start- 
up. 

6.3  The  Plant  Manager  or  his  delegate  will  make  a general  inspection  of  the 
oxygen  compressor  area  and  having  satisfied  himself  that  the  machine  can 
be  started  shall  designate  the  supervising  and  operating  personnel  to 
start  the  compressor.  The  startup  personnel  shall  be  limited  to  one 
supervisor  and  two  operators,  and  due  regard  shall  be  paid  to  the 
restrictions  under  Section  U. 

6.h  The  machine  shall  be  started  up  on  Nitrogen  as  in  Appendix  I.  The 

machine  will  be  operated  on  Nitrogen  at  the  maximum  pressure  obtainable 
and  nin  for  fifteen  minutes  with  euLl  readings  steady  before  being  put  on 
oxygen  service  as  detailed  in  Appendix  I. 

6.5  Conditions  to  be  observed  during  the  nitrogen  run  in  period  are: 

(a)  Observe  all  gas  and  oil  temperatures  and  pressures  for 
abnormal  readings. 

(b)  Analyse  and  record  vibration  readings  with  portable  vibration 
anjQ.ysers , also  observe  the  behavior  of  the  continuous 
monitoring  systems. 

(c)  Observe  all  seel,  pressures  to  ens\ire  proper  operating 
conditions . 

(d)  Thoroughly  check  for  euiy  oil  leak  and  the  possibility 
of  oil  entering  the  oxygen  side  of  the  compressor. 
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starting  up  after  Overhaul  or  Inspection 


7*1  In  addition  to  all  the  conditions  in  Section  6 it  will  be  necessary  to 
operate  the  compressor  at  maximiim  possible  pressxire  on  nitrogen  for  at 
least  two  hoiirs. 

7*2  Readings  must  be  tcdcen  every  15  minutes  and  the  last  3 readings  on 
temperature,  pressure  and  vibration  must  be  stabilized  a4ld  within 
tolerance  before  reverting  to  oxygen  gas. 


8.  Shutting  down  - Nonnetl 


8*1  The  plant  manager  or  his  delegate  will  make  a general  inspection  of  the 

oxygen  compressor  area  and  designate  the  supervisor  €uid  personnel  to  shut 
down  the  m€u:hine«  The  number  of  personnel  will  be  restricted  to  a total 
of  three,  and  due  regard  will  be  paid  to  the  restrictions  vinder  section  It 

8.2  The  shutdown  shall  be  made  after  reverting  to  Nitrogen  as  detailed  in 
Appendix  II. 
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9«  Shutdovn  - Abnonaal  or  Emergency 

9.1  There  vill  usually  be  time  to  advise  plant  management  before  a 
compressor  shutdown.  The  2 hour  checks  and  logs  are  for  this 
purpose.  Unusual  noise  or  an  obvious  failure  of  one  of  the  compressor 
safety  devices  would  Justify  an  emergency  shutdown.  Should  an 
increase  in  oil  discharge  to  the  atmosphere  be  noted  there  will  still 
be  ample  time  to  analyze  the  situation  and  consult  with  plant  management 
since  the  seal  system  offers  triple  protection  before  the  oxygen  circuit 
would  be  contaminated. 

9.2  If  conditions  warrant,  an  emergency  shutdown  ceui  be  performed  by  pushing 
the  emergency  stop  buttons  and  following  up  the  procedure  laid  down  in 
Appendix  III. 

9.3  In  the  event  of  a compressor  trip  the  procedure  laid  down  in  Appendix  III 
paragraph  U and  5 is  to  be  followed  and  plant  management  informed. 
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10.  Routine  Checks  and  Logs 


10.1  Reliable  operation  of  the  machine  can  only  be  achieved  by  well  trained 
personnel.  Cleanliness  and  care  of  equipment  ensure  that  defects  can 
be  detected  at  an  early  stage. 

10.2  Checks  for  oil  must  be  made  through  barrier  inspection  ports  once  each 
shift.  Any  leaJtage  detected  must  be  reported  immediately  since  excessive 
leakage  may  require  immediate  shutdown  for  repairs  and  cleaning. 

10.3  All  gauges  located  remotely  or  on  the  compressor  panel  board  shall  be 
checked  every  2 hovirs , the  reading  being  recorded  on  the  log  sheet  or 
in  the  plant  log  book. 

10. U A separate  log  sheet  shall  be  kept  for  oxygen  compressor  readings  to  be 
taken  during  the  first  hour  of  each  shift.  With  these  once  a shift 
readings , the  operators  shall  study  the  past  several  readings  to  note 
the  trends  and  advise  management  of  any  significant  changes  or  gradual 
trends  in  any  of  the  readings . 

10.5  No  hand  vibration  checks  are  to  be  made  while  compressing  oxygen. 

10.6  Auxiliary  oil  pumps.  The  auxiliary  oil  pump  takes  over  the  oil  supply 
when  starting  or  shutting  down  the  compressor.  The  water  driven  pump 
which  is  an  emergency  oil  pump  is  only  for  use  in  emergency  cases . Both 
pumps  are  started  when  oil  pressure  drops  and  are  controlled  by  pressure 
switches.  When  oil  pressure  drops,  first  the  motor  driven  pump  starts 
and  at  a lower  pressure  the  water  driven  pump  is  started.  When  the 
pressure  switch  for  the  water  driven  emergency  oil  pump  is  operated  the 
compressor  trips.  The  automatic  functioning  of  both  these  pumps  should 
be  checked  at  regui^^  intervals. 

10.7  The  main  oil  filter  hand  wheel  for  cleaning  the  filter  should  be  turned  ^ 
a few  times  during  each  shift.  At  a pressure  drop  of  0.3  to  0.4  Kg/cms 
across  the  filter,  they  must  be  ^witched  and  the  dirty  filter  cleaned. 

At  a pressure  drop  of  0.6  Kg/cms  an  alarm  will  be  given. 

10.8  The  thrust ^bearing  filter  must  be  changed  at  a pressure  drop  of  over 
O.U  Kg/cms^  and  the  dirty  filter  cleaned.  Pressiu-e  after  the  filter 
must  never  be  less  theui  0.5  atu. 

10.9  The  bearing  oil  supply  temperature  shoxild  be  maintained  at  35  - ^0  C. 

The  flow  off  temperature  at  each  bearing  should  not  be  more  than  15  C 
above  this  value;  if  it  is  the  bearing  should  be  inspected. 

10.10  The  oil  piping  should  be  inspected  through  the  ports  in  the  protective 
barriers  to  check  for  leaks. 
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10.11  The  lube  oil  should  be  euialyzed  at  regular  intervals  as  laid  down 
in  the  P.M.  Manual. 

10.12  Check  intercoolers  and  aftercooler  for  leaks  by  blowing  down  gas 
side  or  venting  the  water  side  and  checking  for  water  or  oxygen  gas 
respectively. 

10.13  At  regular  intervals  check  that  the  discharge  check  valve  moves  freely 
by  gently  pulling  down  the  dead  weight  arm  to  cause  only  a few  degrees 
rotation,  so  as  not  to  affect  the  flow  rate  or  discharge  pressure 
significantly. 

10. 14  Check  that  air  supply  for  the  gland  and  beeuring  seal  air  is  always 
dry  and  that  the  supply  pressure  is  k atu. 

10.15  Check  the  oxygen  content  of  the  exhaust  seal  gas. 
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11.  Setting  of  Vibration  Levels 


11.1  The  alarm  vill  be  set  to  sound  at  a vibration  level  of  0.5  mils 
above  the  normal  vibration  level.  Plant  personnel  will  immediately 
switch  the  compressor  to  nitrogen  service  when  vibrations  reach  alarm 
level,  cuid  inform  plant  management  of  the  situation. 

11.2  Controlled  shutdown  of  the  compressor  (Appendix  II)  will  be  carried 
out  at  a vibration  level  of  1.0  mils  above  normed.  operating  level, 
whether  on  oxygen  or  nitrogen  service. 

11.3  Automatic  shutdown  of  the  compressor  will  be  set  at  a vibration  level 
of  1.5  mils  above  normal  operating  level. 

11.4  A gradual  increase  in  the  vibration  level  from  the  normal  level 
approaching  the  cilarm  set  point  shall  be  reported  to  Plant  Management 
as  soon  as  the  increase  is  discovered.  Operations  Engineering  will 
evaluate  the  increase  and  advise  the  necessary  action. 


12.  Maintenance 


12.1  Process  Preparation 

12.1.1  Before  any  maintenance  is  performed  on  an  0^  compressor,  the 
compressor  must  be  isolated  on  the  suction  and  discharge  side. 

12.1.2  After  isolation  the  compressor  will  be  purged  with  nitrogen  gas. 
A "sniff"  type  analyzer  shall  be  used  to  determine  the  effective 
ness  of  isolation.  If  there  are  indications  of  leeOccige  it  will 
be  necessary  to  install  blanks.  Double  blocks  and  bleeds  where 
provided  shall  always  be  used. 

12.1.3  All  valves  in  the  system  shall  be  tagged  out  and  a work  permit 
issued. 

12.2  Velding  eind  Burning^ 

12.2.1  If  welding  equipment  or  an  oxyacetyline  torch  must  be  used  to 
perform  certain  maintenance  functions  they  must  be  used  only 
eifter  a double  block  emd  bleed  or  blank  (between  flanges ) is 
employed. 

12.2.2  A hot  work  permit  must  be  issued  by  the  Shift  Supervisor  on  duty 
after  he  has  personally  checked  the  area  with  an  oxygen  analyzer 

12.2.3  The  use  of  welding  or  cutting  equipment  must  be  kept  to  an 
absolute  minimxam  in  an  oxygen  compressor  intercooler  area,  even 
though  the  area  has  been  declared  safe. 

12.3  Materials  approved  for  Oxygen  Service 

The  following  instructions  for  jointing  compounds  take  precedence  over 

those  in  vendor  manuals . 

12.3.1  Only  Permatex  #1516  shall  be  used  as  a split  line  sealing 
compound  on  oxygen  compressors  except  in  the  bearing  housing 
areets , where  Silicone  Sealing  Compound  RTV-60  (General  Electric 
Company)  shall  be  used.  (Permatex  #1516  is  not  recommended 
for  oily  areas , and  RTV-60  will  not  be  in  contact  with  oxygen 
in  the  bearing  housing  area. ) 

12.3.2  Gasket  Jointing  material  will  be  Klingerit  66l. 

12.3.3  Only  oxygen  safe  material  (KEL-F  Halocarbon  or  Fluorolube) 
should  be  used  on  *0’  rings  or  on  surfaces  requiring  lubrication 
The  above  mentioned  lubricants  shall  only  be  used  from  a tube 

or  container  that  is  sealed  or  known  to  be  absolutely  free  of 
foreign  contamination.  These  lubricants  must  be  applied  to 
the  components  in  such  a manner  so  as  not  to  contaminate  with 
finger  prints,  lint,  dirt,  etc. 
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12.1*  Overhaul  Procedure 


12.U.1  Whenever  an  oxygen  compressor  is  opened  for  overhaul  or 

inspection,  such  work  must  be  carried  out  under  the  direct 
supervision  of  a service  engineer  from  the  machine  vendor; 
with  a representative  from  Operations  Engineering  also  in 
attendance. 

12. I*. 2 It  is  absolutely  essential  that  parts  are  cleaned  as  under 

12.5.5  before  reassembly  on  the  machine. 

12. U. 3 Accurate  records  will  be  kept  of  all  work  performed  on  the 
machine  and  will  include  tolerances  before  strip  down 
and  after  assembly. 


12.5  Cleanliness  During  Maintenance 


12.5.1  The  restricted  area  designated  under  paragraph  h.2  shall  be 
designated  a clean  area  during  overhaiil  or  inspection  of  the 
machine,  and  the  floor  will  be  maintained  scrupulously  clean  by 
frequent  mopping.  Entry  to  this  area  shall  be  across  a clean 
doormat  and  will  be  restricted  to  persons  wearing  clean  white 
overalls . 


12.5.2  Throughout  the  overhaul  there  will  be  ample  provision  of: 

(a)  Polythene  bags  and  sheets. 

(b)  Lint  free  cotton  cleaning  cloths  (which  shall  be  counted 
at  the  beginning  and  end  of  each  shift). 

(c)  Containers  of  clean  methylene  chloride  or  trichlorethylene. 

(d)  Storage  trays. 

12.5.3  During  the  course  of  strip  down  and  inspection  each  individual 
part  shall  be  stored  in  the  trays  provided  and  where  appropriate 
wrapped  in  polythene  to  avoid  contsunination. 

12.5.^  Whilst  overhaul  proceeds  all  machine  internals  and  pipe  ends 
will  be  protected  by  polythene  to  prevent  accidental  ingress 
of  foreign  materials. 

12.5.5  Before  reassembly  all  parts  that  contact  (or  may  possibly 
contact)  the  pvure  oxygen  stream  or  are  in  contact  with  ejected 
seal  air  that  may  have  high  oxygen  concentrations  must  be 
degreased  with  an  approved  solvent  (Methylene  Chloride  or 
trichlorethylene)  and  after  evaporation  to  dryness  the  part 
must  be  examined  with  a black  light  in  accordance  with 
Engineering  Specification  A. 03  (Refer  eilso  to  E. J.  Bassler's 
report  "Cleaning  for  Oxygen  Service",  January,  I96O. 

#99000096) . 

12.5.6  White  lint  free  cotton  gloves  must  always  be  worn  when  handling 
parts  cleaned  for  oxygen  service. 
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12.5*7  In  wiping  operations  clean,  lint  free,  cotton  clothes  shall 
he  used  as  provided  under  paragraph  12.5,2  (b). 

12.5*8  Suction  strainers  on  oxygen  compressors  are  designed  for 

continuous  seirvice  and  shall  not  be  removed  except  for  periodic 
cleaning.  Strainers  shall  be  cleaned  with  stn  approved  solvent 
as  under  Paragraph  12.5.5*  If  it  is  necessary  to  brush  the 
filter  the  solvent  cleansing  shall  be  done  after  the  brushing 
and  the  filter  shal.1  be  allowed  to  dry  by  evaporation  in  a 
clean  dry  area.  Filters  shall  not  be  blown  dry  unless  dry  oil- 
free  nitrogen  or  air  is  used. 
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13.  Miscellaneous  Operations 


13.1  Do  not  flush  lubricating  oil  lines  Inside  the  compressor  bearing 
chamber  or  pass  oil  through  the  bearings  unless  the  compressor  sealing 
system  Is  operating  correctly.  Stop  oil  pumps  before  shutting  down 
the  seal  system. 

13.2  If  seal  air  falls  on  the  compressor  and  the  compressor  shuts  down  stop 
oil  circulation  as  quickly  as  possible  (Note  contrary  to  Appendix  II 
peuragraph  11 ).  Before  restarting  after  a seal  air  failure  the  shaft 
area  shall  be  Inspected  for  oil.  There  will  usueaiy  be  a sllgit 
Indication  of  oil,  but  If  abnormal  quantities  of  fresh  oil  are  visible 
the  shaft  seal  labyrinth  assembly  must  be  removed  and  Inspected.  If 
Inspection  Indicated  oil  has  progressed  beyond  the  air  section  of  the 
labyrinth , the  compressor  top  case  shall  be  removed  for  complete 
Inspection  and  cleaning. 

13.3  If  seal  inlet  pressures  remain  the  same  but  the  labyrinth  seal  pressure 
decreeise,  then  bearing  wear  is  indicated. 
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DETAILED  STARTING  INSTRUCTION 
1 • Preparation  for  Starting 

1«01  Open  main  cooling  water  isolating  valves* 

1.02  Open  all  return  valves  of  intercoolers,  aftercoolers  and  motor  air 
coolers.  Vent  coolers  on  water  side. 

1.03  Water  outlet  v^ve  of  oil  cooler  remains  closed  until  oil  temperatxire 
has  reached  35  C.  Vent  cooler  on  water  side.  The  vent  on  the  oil  side 
of  cooler  remains  open  all  the  time 

l.OU  Open  air  supply  to  gland  seal  air,  pressure  must  be  about  +200  mmWG. 

1.05  Switch  in  0^  - air  extractor  fan,  pressure  must  be  about  -^00  mmWG. 

1.06  Open  air  supply  to  bearing  seal  air,  pressure  must  be  about  +80  - 
+ 90  mmWG. 

1.07  Stetrt  oil  vapor  extractor. 

1.08  Start  auxiliary  oil  pump- 

1.09  Open  main  hand  valves  of  supply  to  air  ejector  and  water  driven  oil 
pump. 

1.10  Check  that  bypass  valves  to  ejector  and  water  driven  oil  pump  are  closed. 

1.11  Check  that  air  ejector  and  water  driven  oil  pump  are  not  in  operation 
after  having  pressed  the  "stop”  button  of  each  one  of  them  respectively. 

1.12  Open  supply  for  control  air  in  back  of  panel  (only  one  filter  is  in 
operation  at  a time). 

1.13  Set  controller  of  intake  butterfly  valve  in  control  room  to  "hand 
position  and  give  it  minimum  setting  of  4 psig  control  air  pressure. 

1.14  To  interlock  and  close  intake  butterfly  valve  press  "close"  button  on 
panel. 

1.15  Set  controller  for  recycle  valve  on  panel  to  "hand"  position  and  open 
recycle  valve. 

I»l6  Before  starting  the  compressor  the  oil  temperature  must  be  at  least 

20  C.  If  it  is  below  keep  auxilietry  oil  pump  in  operation  ^lntil  this 
temperature  is  obtained. 

1.17  Check  oil  level  in  oil  tank. 

1.18  Switch  off  motor  standstill  heating. 
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2.  Steurbing  Conditions 

The  following  conditions  are  required  before  compressor  motor  can  be  started 
(besides  conditions  on  electric  side,  mainbreaker,  synchronization  etc.). 

2.01  Auxiliary  oil  p\imp  must  be  in  operation. 

2.02  Bearing  oil  pressure  must  be  sufficiently  high. 

2.03  Oxygen  intedte  pressure  must  be  high  enough  (normal  0.20  atu). 

2.0U  Oxygen-air  extractor  taxi  must  be  in  operation. 

2.05  Intake  butterfly  valve  must  be  closed. 

2.06  Trip  healthy  and  check  warning  button  must  have  been  pressed. 

2.07  No  warning  indicated. 

2.08  Qnergency  stop  button  must  be  out  of  interlock. 

2.09  Motor  starter  must  be  wound  to  start  position. 

2.10  If  conditions  are  fulfilled  the  white  light  will  show  that  the  machine 
is  ready  for  starting. 
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3.  Start— up  Frocedvires 

Reference  Flowsheet  2521-1-F, 


3.1 

3.2 

3.3 
3.1* 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

3.11 

3.12 

3.13 

3.lh 

3.15 


Open  v^ves357.  359  and  369.  Close  Bleed  valve  371.  Start  Nitrogen 
purge  blower  (item  15.71).  Alternatively,  shut  off  all  reactivation 
^d  defrost  nitrogen  valves  and  use  reactivation  blower  (items  08.22). 

f the  latter  method  is  adopted  care  should  be  taken  to  box  up  all 
absorbers  and  vessels  undergoing  reactivation  or  defrost. 

Close  discharge  valve  601  and  (CV123).  Close  suction  valve  617.  Open 
suction  valve  CV.llO.  ^ 


Open  nitrogen  purge  valve  half  a turn. 


as 


Crack  open  compressor  discharge  vent  valve  372. 

Purge  compressor  with  nitrogen  until  oxygen  content  is  less  than 
measured  at  the  shell  side  drain  of  the  aftercooler. 

Close  discharge  vent  valve  372  and  nitrogen  valve  370. 

v^ve  recycle  valve  on  manual  control.  Close  suction  butterfly 

Start  Compressor,  watch  ammeter,  synchronising  speed  is  reached  within 
approximately  7 seconds. 

About  10  seconds  after  compressor  has  reached  normal  speed  switch  off 
the  ai^iliary  oil  pump  and  set  it  to  position  Automatic.  The  oil  is  now 
supplied  by  the  main  pump  coupled  to  the  gear. 

I^ediately  open  suction  valve  370  and  control  to  maintain  nitrogen 
blower  discharge  pressure  at  0.1+  to  0.5  Kg/cm2.  The  compressor  discharge 
pressure  will  then  build  up  to  10  Kg/cm2  with  the  recycle  valve  fully  open. 

When  the  discharge  pressure  reaches  10  Kg/cm2  crack  open  the  discharge 

vent  valve  CV121*.  Do  not  open  the  valve  too  wide  otherwise  the  nitrogen 
blower  pressure  will  fall  below  0.1+  Kg/cm^.  ^ 

Check  performance  of  compressor  to  determine  that  vibration  levels 
bearing  temperatures  etc.,  are  normal.  ’ 

When  the  machine  has  run  for  fifteen  minutes  with  conditions  normal  open 
oxygen  suction  valve  6l7  and  oxygen  suction  butterfly  valve. 

Close  nitrogen  valves  370  and  369.  Open  bleed  valve  371. 

Allow  machine  to  run  for  about  3 minutes  to  purge  out  the  nitrogen.  Check 
oxygen  purity  at  aftercooler  shell  side  drain  with  portable  analyser. 
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3.16  Build  up  machine  discharge  pressure  by  sloviy  closing  recycle  valve 
manually • 

3.17  When  the  discharge  pressure  is  normeLL  put  machine  on  line  hy  opening 
discharge  valve  601  and  closing  vent  valve  372,  (CV12U).  Put  recycle 
and  suction  valves  on  automatic  control. 

3..I8  Open  water  outlet  valve  of  oil  cooler  when  oil  temperature  reaches 

35^C.  , keep  oil  temperature  to  hearings  at  35  - ^0  C.  hy  adjusting  the 
water  flow  with  this  valve. 


Automatic  Trips  eind  Maras 


The  following  warnings,  trips  respectively,  are  given  automatically. 

k.l  Bearing  oil  pressure  below  0.9  atu:  Warning  and  starting  of  auxiliary 

oil  pump. 

k.2  Bearing  oil  pressure  below  0.5  atu:  Trip  and  starting  of  emergency  water 

driven  oil  pump. 

*♦.3  Bearing  seal  air  pressure  below  to  mmWG:  Warning 

4.U  Oxygen  intake  pressxxre  below  0.054  atu:  Trip 

4.5  Gland  seal  air  below  150  mmWG:  Warning 

4.6  Gland  seal  air  below  100  mmWG:  Trip 

4.7  Oil  vapour  extractor  not  in  operation:  Warning 

4.8  Oxygen  air  extraction  pressvire  rising  to  -300  mmWG:  Warning  and 

starting  of  air  ejector.  If  pressure  does  not  return  to  normal  pressiire 
(-400  to  -500)  trip  within  5 seconds. 

4.9  Cooling  water  pressure  below  2.0  atu:  Trip 

4.10  Water  pressure  for  water  driven  oil  pump  below  1.65  atu:  Warning 

Cooling  water  valves  on  inter  and  aftercooler  not  completely  open: 
Warning 

4.12  Shaft  displacement  higher  than  0.5  mm:  Trip 

4.13  Oil  level  in  oil  container  too  low:  Warning 

4.14  Motor  protection  energized:  Trip 

4.15  24  Volt  supply  failure:  Warning 

4.16  Differentiea  pressure  at  main  oil  filter  above  0.6  kg/cm^:  Warning 

4.17  Oxygen  temperatiire  before  coolers  will  give  alarms  as  follows: 


1 St  Stage  intercooler  155°C  Alarm 

2 nd  Stage  intercooler  l60°C  Alarm 

3 rd  Stage  intercooler  155°C  Alarm 

Aftercooler  l45°C  Alarm 
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U,l8  Oxygen  temperature  before  coolers  will  trip  the  machine  at  the  following 
temperatxire : 


1 st  Stage  intercooler  Trip 

2 nd  Stage  intercooler  Trip 

3 rd  Stage  intercooler  Trip 

Aftercooler  l6o  C Trip 


In  the  event  of  one  of  the  above  trips  the  auxiliary  oil  pump  will  not 
start  when  machine  runs  down  (firel).  Only  the  emergency  water  driven 
pump  will  start  and  run  for  a period  of  U minutes . 

4.19  Bearing  white  metal  temperature  above  95°C:  Warning 

4.20  Bearing  white  metal  temperature  above  110®C:  Trip 

4.21  5 Kv  supply  failure:  Trip 

4.22  Motor  bearing  temperature  above  60°C:  Trip 

4.23  Motor  cooling  air  too  high,  cold  air  40®C,  arm  air  60®C:  Warning 
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APPENDIX  I I 


Controlled  Shut down 


1.1  Open  valves  35T,  359,  and  369.  Close  bleed  valve  371.  Start  Nitrogen 
purge  blower  (item  15.TI).  Alternatively  shut  off  all  reactivation  and 
defrost  nitrogen  valves  and  use  reactivation  blow(ltem  08.22).  If  the 
latter  method  is  adopted  care  should  be  taken  to  box  up  all  vessels 
undergoing  reactivation  and  to  switch  off  reactivation  heaters. 

1.2  Op  n recycle  valve  fully  on  manual  control. 

1.3  Close  discharge  valve  601. 

1.^  Close  manual  suction  valve  617. 

1.5  Crack  open  vent  valve  372  (Cvl2k  after  modifications)  such  that  the 
discharge  pressure  falls  to  10  Kg/cm"^. 

1.6  Open  nitrogen  valve  370  and  control  to  maintain  a minimum  pressure  of 
0.4  Kg/cm  at  the  blower  discharge. 

1.7  Check  the  oxygen  content  of  the  gas  at  the  shell  side  drain  of  the  after- 
cooler. When  it  is  less  than  k%  slowly  open  discharge  vent  CV124  (V372). 

1.8  Stop  the  compressor. 

1.9  When  the  machine  has  come  to  rest  purge  with  nitrogen  for  about  three 
minutes  etnd  then  close  valve  and  the  vent  valve  CV12U. 

1.10  When  compressor  runs  down  oil  pressure  will  reduce  and  at  about  0.9  atu 
the  auxiliatry  oil  pump  starts,  automatically.  Watch  oil  pressure  if 
because  of  malfunction  pump  does  not  start  switch  on  by  hand. 

After  run  down  leave  auxiliary  oil  pump  in  operation  for  about  40  minutes. 

1.12  Maintain  seal  gas  supply  dxiring  the  period  the  machine  is  shut  down  when- 
ever possible. 

1.13  Switch  on  motor  heater. 
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1.1  Open  vent  valve  CV12U. 

1.2  Close  suction  valve  CVllO. 

1.3  Stop  machine  using  the  switch  on  the  compressor  panel,  or  the  emergency 

stop  button  in  the  control  room.  Note : Stopping  the  machine  will 

automatically  open  CV12U  and  close  CVllO. 

l.U  Close  valves  6l7  and  601. 

1.5  Commence  N-  purge  as  detailed  in  Appendix  II,  Paragraphs  1.1,  1.2, 

1.6  and  l.f . 


(Retyped  9/29/72  sba) 
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LOX  installation  at  Customer  Sites 

For  installation  layout  details  refer  to  EM  06  - 01 
For  LOx/propane  installations  refer  also  to  EH  40  - 07. 


APCI  DOCUMCNH 


No.  CM  /IQ  - 01  0 I 

t 

page  2 CONT.ON  3 I 
1 


1 • Purpose 

1.1  This  code  is  to  define  the  requirements  for  siting  of 
bulk  liquid  oxygen  installations  at  customer  premises. 

2.  Introduction 

2.1  Gaseous  oxygen  is  colourless,  odourless  and  tasteless; 
it  is  non-toxicj  it  is  slightly  denser  tloan  air. 

2.2  Liquid  oxygen  boils  at  -185^0  at  atmospheric  pressure. 

1 volume  gives  850  volumes  of  gas  at  ambient  conditions. 

2.3  Oxygen  supports  combustion.  Combustible  material  catches 
fire  more  easily  and  bums  more  vigorously  in  oxygen,  or 
in  an  atmosphere  enriched  by  a small  percentage  of  oxygen, 
than  in  atmospheric  air. 

2.4  Cold  gaseous  oxygen  and  liquid  oxygen  are  considerably 
heavier  than  air  and  will  accumulate  in  pits  and  trenches. 

2.5  liquid  oxygen  and  cold  gaseous  oxygen  may  cause  severe 
bvims  when  in  contact  with  the  skin  or  respiratory  tract. 

2.6  Most  steels  are  brittle  at  liquid  oxygen  temperature. 

3.  Precautions 

5.1  For  the  above  reasons,  bullc  LOX  storage  installations  must 
not  be  installed  unless  they  confoi-m  to  this  Code. 

3.2  Oil  and  grease  constitute  a particular  hazard  with  oxygen, 
and  on  no  account  may  they  be  used  in  an  oxygen  installation. 

3.3  All  equipment  must  be  specifically  designed,  protected  and 
prepared  for  oxygen  service. 

3.4  Good  housekeeping  to  prevent  contamination  by  combustibles 
or  loose  debris  is  an  overall  reqxiirement. 

4.  Definition 

4.1  A bulk  liquid  oxygen  storage  installation  is  defined,  for 
the  purpose  of  this  Code,  as  the  total  assembly  of  liquid 
storage  tanks  together  with  their  associated  gaseous  storage, 
evaporating  equipment  and  controls  connected  in  service,  in 

a static  position  to  supply  a customer  with  liquid  or 
gaseoiis  oxygen. 

4.2  The  boundary  of  the  installation  is  defined  as  that  line, 
real  or  imaginary,  vihich  encompasses  the  equipment  defined 
in  section  3*1  above. 
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4*3  Tlie  Code  covers  an  installation,  on  customer's  premises 
where  the  capacity  of  liquid  is  more  than  200  or  less 
than  125,000  litres  (6,000  cu#  ft#  to  3»5  cu.  ft#)# 

5#  General 

5*1  Siting 

To  prevent  fire  at  the  installation,  and  oxygen  enriched 
fires  in  the  vicinity,  the  surrounding  area  shall  be  so 
controlled  that  combustible  material,  smoking  and  naked 
lights  are  proMbited  vrLthin  a distance  of  6M  (20  ft) 
from  the  installation,  except  vrhere  this  area  is  cut  by 
substantial  and  impervious  v/alls  or  partitions  of  wholly 
nonKsombustible  materials  and  built  to  a minimum  height 
of  2.4M  (&ft)^ 

5*2  Installations  must  not  be  positioned  closer  than  6M  (20  ft) 
to  places  such  as  cinemas,  churches,  residential  premises 
stadia,  cloakrooms,  offices,  canteens,  time  clocks,  etc# 

ft^iyate  roads  or  footpaths  can  pass  witliin  not  less  than 
3M  (lO  ft)  of  the  installation# 

5# 3 Windov/s,  cellar  openings,  trenches,  manholes,  cable  ducts, 

gullies  or  traps  constitute  a hazard  to  a major  or  minor 
degree  according  to  location.  Within  the  prescribed  6H 
(20  ft)  these  shall  be  avoided,  if  possible,  or  at  least 
kept  to  an  absolute  minimum#  If  pits  and  trenches  are 
unavoidable,  they  must  be  adequately  ventilated  to  dispel 
oxygen  wliich  mi^t  be  contained  therein. 

5*4  Doors  or  access  passages  from  which  the  installation  can 
not  be  seen  be  at  least  3M  (lOft)  from  the  outline  area 
of  the  installation# 

iiiB#  Indoor  installations  are  allowable,  see  section  13« 

location  to  be  chosen  so  that  damage  to  the  installation 
by  electric  arcing  under  fault  conditions  cannot  occur# 

5»6  Location  to  avoid,  as  far  as  possible,  pipelines  carrying 

flammable  liqiiids  or  gases#  Where  unavoidable,  ensure  that 
the  pipeline  is  continuous  (i#e#  no  joints)  and  so 
positioned  to  avoid  accidental  liquid  oxygen  spillage, 
but  not  in  a trench# 

Installations  shall  not  be  sited  on  top  of  existing 
buildings#  Where  they  are  required  to  be  at  high  level, 
they  shall  be  sited  on  top  of  purpose-designed  and  built 
, supporting  structures,  having  due  regard  to  the  effects 

of  possible  liq\iid  spillage  on  adjacent  structures  and 
plant# 
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5*8  Safety  relief  devices  for  the  main  liquid  stora^^e  vejjsel 
shall  vent  to  a safe  place  in  the  open  away  from  occupied 
buildin(js  and  combustible  materials. 

6»  toception 

When  unavoidable  v^ork  is  performed  involving  use  of  a naJced  flame 
in  the  vicinity  of  an  installation,  a ‘permit  to  woi*k*  must  be 
obtained  from  a responsible  official# 

?•  Access 

7#1  It  is  considered  essential  that  when  any  tanlcer  is  in 

position  for  filliaig  the  installation,  it  shall  be  in  the 
open  and  shall  not  be  in  a veiled  enclosure  from  vdiich  the 
escape  of  liquid  or  heavy  vapour  is  restricted.  Tankers 
should  have  easy  access  to  the  installation  at  all  times# 

7#2  Authorised  persons  should  have  easy  access  to  the  installation 
at  all  times# 

8#  Construction  of  Access  Apron 

The  reqxdred  ‘ hards tanding’  shall  be  of  concrete  or  similar 
inorganic  and  non-porous  substance#  Asphalt,  chippings  and 
tar  base  substances  constitute  a hazard,  and  if  saturated  with 
liquid  oxygen  an  explosion  could  be  caused  by  a falling  v/ei^t 
or  tyre  friction. 

H.B.  • Hards tanding*  is  defined  as: 

The  area  upon  ifhich  the  tanker  stands  whilst  it  is 
decanting  liquid  oxygen  into  the  installation.  It 
should  be  shown  on  the  drawings  of  the  installation. 

9#  Non-access  by  Public 

In  vievr  of  the  possible  danger  of  contact  with  oxygen  liquid  or 
vapour,  wliich  may  be  spilled  during  the  process  of  filling;  a I 

standing  space,  from  vdiich  the  public  can  be  excluded,  shall  be 
provided  for  the  tanker  \?hilst  filling  a bulk  oxygen  storage  | 

installation.  A tanlcer  shall  not  stand  on  the  public  highv;ay  | 

or  public  ground  whilst  in  the  process  of  transferring  liquid  | 

to  or  from  a static  vessel# 

10#  Warning  Notices 

10#1  Notices  carrying  the  vrords  ‘LIQUID  OXYGEN*  should  be  j 

prominently  placed.  It  is  also  vital  to  warn  that  [ 

smoking  or  presence  of  naked  flames  near  the  plant  I 

is  strictly  prohibited.  ^ ! 

10#2  Suitable  warning  notices, forbidding  access  to  the  installation 

to  all  unauthorised  persons  shall  be  displayed#  : 
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10*5  Before  puttin^^  the  installation  into  full  operation,  controls 
for  emergency  operation  shall  be  clearly  labelled, 
liaer^jency  operatinr;  instructions  shall  be  displayed  innediately 
adjacent  to  the  emergency  controls#  These  must  be  kept 
^I^to— date  and  legible, 

1 1 • Modifications 

11*1  Supplier  owned  equipment  must  not  be  modified  by  the 
customer# 

11  #2  Customer  ovmed  equipment  must  not  be  modified  without 
reference  to  the  oxygen  supplier# 

12#  Peculiar  Hazards 

I - — 111  , ^ 

12#1  In  certain  locations,  there  may  exist  hazards  peculiar  to 

the  case  which  affect  safety,  but  which  are  not  specifically 
covered  by  this  Code.  These  cases  must  be  given  expert 
consideration.  A list  of  examples  of  such  hazards  appears 
in  Table  1* 

12.2  Storage  of  compressed,  liquefied  or  dissolved  gases  which 
are  inflammable  shall  not  be  allowed  within  6K  (20  ft)  of 
the  installation. 

12#5  Storage  of  combustible  material  ouch  as  paper,  timber, 
coal  or  i^lammable  liquids  shall  not  be  allowed  within 
6M  (20  ft)  of  the  installation. 

PERI'IANMT  OUTDOOR  INSTALUTIOITS 

Separate  Compound 

15#1  A site  shall  be  chosen  which  is  for  the  exclusive  use  of 
the  bulk  installation,  and  shall  be  suitably  prepared# 

The  base  of  the  site  shall  be  raised  sufficiently  above 
ground  level  to  avoid  ponding,  and  shall  be  made  of  concrete 
or  similar  inorganic  and  non-porous  substance.  The 
installation  shall  be  clearly  defined  and  surrounded  by 
an  open  design  and  non— combustible  barrier,  provided  with 
adequate  emergency  exists  clearly  marked. 

13# 2 The  equipment  must  be  installed,  tested  and  commissioned 
to  the  satisfaction  of  the  oxygen  supplier# 

INDOOR  INSTALLATIONS 

1 4»  Separate  Compartments 

14*1  liOiere  it  is  not  possible  to  have  a separate  building  for 

tne  exclusive  use  of  the  installation  and  plant  space  forms 
part  of  existing  buildings,  the  actual  space  shall  be 
entirely  separated  by  means  of  a continuous  partition  of 
non— combustible  material  from  floor  to  ceiling  or  roof  and 
one  shall  be  an  outside  wall,  ;/ire  mesh,  if  necessary,  to 
provide  good  ventilation# 
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Wlaerc  vj'ire  nei>h  is  provided,  the  equipment  must  be  weather- 
proofed and  extra  care  taJien  to  keep  clean  frora  airborne 
dirt.  The  safety  distances  specified  in  4*5  shall  apply 
to  the  area  outside  the  v;ire  mesh  wall*  Tlie  installation 

will  be  erected  at  £;round  level  and  no  trenches,  mannoles, 
cable  ducts,  ^pillies  or  traps  shall  be  allowed  in  the 
enclosure*  An  adequate  emergency  exit,  additional  to  the 
door  used  for  filling  the  installation,  shall  be  provided* 
Should  this  exit  communicate  with  existing  buildings  it 
shall  be  fitted  with  a 6»  deep  cill  to  prevent  the  escape 
of  liquid. 

Ventilation 

15*1  The  compartment  containing  storage  and  vaporising  equipment 
must  be  properly  ventilated.  Openings  used  for  access  and/ 
or  for  ventilation  shall  lead  to  a safe  place  i.e.  vrhere 
there  will  be  no  accumulation  of  combustible  material  liable 
to  foim  a hazard. 

15.2  In  certain  installations  forced  draught  will  be  necessary. 

Taking  account  of  the  possible  hazards,  expert  consideration 
must  bo  given  to  the  design  of  ventilation  facilities  in  such 
installations  • 


Access 

16.1  The  driver  shall  have  unobstructed  freedom  of  movement 
betv/een  his  tanlcer  and  the  controls  in  the  plant  house. 
Pilling  through  a *hatchway*  constitutes  a hazard  and  is 
not  acceptable. 

16.2  The  building  and  equipment  must  be  installed,  tested,  and 
commissioned  to  the  satisfaction  of  the  oxygen  supplier. 

Couplin^gs 

17.1  The  design  of  liquid  couplings  used  in  the  installation 
shall  be  exclusively  for  liquid  oxygen  use. 
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TABLE  I 

BULK  LIQUID  OXYGEI'f  STORAGE  INSTALLATIONS 
CUSTOMER  SITES 


Exeiinplea  of  peculiar  hazards  requiring 
expert  consideration  aret 


( 


Overhead  electric  cables 
Overhead  ^as  or  other pipework 
Underground  pipework 
Craneage  in  the  vicinity 

Storage  of  large  quantities  of  petrol,  oil, 
LPG,  LNG 

Storage  of  large  quantities  of  timber,  coal 
Storage  of  large  quantities  of  paint,  etc# 
(Jround  sloping  to  an  adjacent  hazard 


« 
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Procediire  for  filling  Cryogenic  tanker 
by  pump  at  Carrington. 


This  procedure  covers  the  filling  of  all  semi- 
trailers and  rigid  tankers  in  Cryogenic  service. 


ORIGINAL  ISSUE 


DESCRIPTION 


,5 >71*  0*  Gray 

DATE  ORIGINATOR  APPRO 


approved 

ORIGINATOR  DATE  SECTION  HEAD 


I.G.D.  ENG.  MANAC 
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APCI  DOCUMENT 


1.1.1. 


Check  that  tanker  has  been  properly  wished 
in,  and  noM  wei^  ticket  number. 


1.1.2.  Check  v;ith  Plant  Control  Room  that  tanker  can 

be  filled,  and  give  them  the  number  of  the  weigh 
^ticket,  tanker  number  and  product. 

1.1.3.  \ Proceed  to  appropriate  fill  point  and  correctly 

position  tanker. 

1.1.4.  Put  on  safety  glasses,  face  shield  or  goggles, 
hard  hat  and  gloves. 

1.1.5.  Check  piping  and  controls  and  clean  vj-here 
necessary. 

1.2.  The  valve  positions  on  the  fill  point,  prior  to  filling. 

1.2.1.  Transfer  pump  outlet  valve  - shut. 

1.2.2.  Vapour  Return  valve  - shut. 

1.2.3.  Filling  hose  and  transfer  pump  suction  drain  - open 

1.3.  Procedure; 

1.3.1.  Place  in  position  "Hoses  Connected"  sign. 

1.3.2.  Connect  vapour  return  hose  using  sealing  washers. 

1.3.3.  Connect  up  liquid  fill  hose  using  sealing  washers. 

1.3.4.  Note  tanker  pressure. 

1.3.5.  Open  vapour  return  valve  on  filling  point. 

1.3.6.  Crack  open  vapour  recovery  valve  on  tanker  and 

reduce  tanker  pressure  to  5 psig  below  suction  pressure 
of  transfer  pump  gauge 

1.3.7.  Shut  filling  hose  drain  valve  on  fill  point  (and 
open  hose  drain  valve  on  tanker). 

1.3.8.  Open  transfer  pump  suction  valve.  (Liquid  should 
now  be  passing  through  the  transfer  pump  and  hose, 
cooling  them  down).  Allow  2 minutes  cool  down* 

Close  drain  valve. 

1.3.9.  Open  pressure  delivery  valve  on  tanker  (liquid 
filling  valve). 

1.3.10.  Start  transfer  pump  (green  button),  (if  the  piimp 
fails  to  start  ask  for  help  from  the  Control  Room. ) 
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pressure 

2000  Ri{;id  tanlcer  ifith  pump  fitted  - 50  psig  (max) 

3500  Semi-trailer  with  pump  fitted  - 15  psig  (max) 

4000  Semi-trailer  with  pump  fitted  - 15  psig  (max) 

6000  Semi-trailer  with  pump  fitted  - 33  psig  (max) 

7000  Semi-trailer  vrith  pump  fitted  - 33  psig  (max) 

1.3*13.  Stop  transfer  pump  (red  button). 


1«3«14.  Shut  off  transfer  pump  outlet  valve, 

1.3 .IS*  Defrost  filling  hose  pushing  liquid  into  the  tanker. 

1.3.16.  Shut  off  pressure  delivery  valve  (liquid  filling 
valve)  on  tanker. 

1.3.17.  Immediately  open  filling  hose  drain  on  fill  point, 
and  hose  drain  on  tanker. 

1.3.18.  Shut  vapour  recovery  valve  on  tanlcer,  vapour 
return  valve  on  fill  point  and  open  vapour 
recovery  hose  drain  on  tanker. 

1.3.19.  Finish  off  defrosting  both  hoses  and  disconnect 
from  tanker.  Place  hose  ends  in  hose  holder. 

1.3.20.  Comect  and  purge  out  the  sample  line  and  give  a 
small  flow  down  the  line  to  the  analyser. 

1.3.21. .Inform  Control  Room  that  the  tanker  is  ready  to 
test.  bTien  the  test  is  complete,  disconnect 
sample  line. 

1.3.22.  Remove  "Hoses  Connected"  sign. 

1.3.23.  Weigh  the  tanker  out,  taking  the  top  copy  of  the 
weighbridge  ticket  back  to  the  Control  Room  and 
obtain  a Quality  Control  release  note  for  your 
load. 

NOTE:  PRESSURJ^  FILLING  13  EXTR'^IIELY  WASTEFUL,  AND  SHOULD  OmY 

BE  U3ED  ON  INSTRUCTIONS  FROM  YOUR  SUPERVISOR. 
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Procedure  for  filling  Cryo{renic  Ta3i]s:ers 
by  pump  at  Bracknell. 


This  procedure  covers  the  filling:  of  all  semi-trailers 
and  ri/;id  tankers  in  Cryogenic  service. 
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Procedure  for  filling  Cryogenic  tankers  by  pump  at  Bracknell. 
1,  Before  Gtartirif^'  to  fill  tarlcer; 


1.1.  Check  that  tanker  has  been  properly  vreighed  in,  and 
note  vreigh  ticket  number* 

1.2.  Check  uith  Plant  Control  that  tanker  can  be  filled, 
and  give  them  the  number  of  the  weigh  ticket,  tanker 
number  and  product* 

1.3*  Proceed  to  appropriate  fill  point  and  correctly 
position  tanlcer. 

1.4.  I^t  on  safety  glasses,  face  shield,  or  goggles, 
hard  hat  and  gloves* 

1.5*  Check  piping  and  controls  and  clean  where  necessary. 

2*  The  valve  positions  on  the  fill  point,  prior  to  filling: 

2.1.  Transfer  Pump  by-pass  valve  - shut, 

2.2.  Transfer  pump  suction  valve  - open. 

2.3.  Transfer  pump  outlet  valve  - shut 
2.4*  Vapour  return  valve  - shut. 

2.5.  Transfer  pump  discharge  (top)  drain  - shut 

2.6.  Filling  hose  (middle)  drain  - shut. 

2.7.  Transfer  pump  suction  (bottom)  drain  - shut. 

3.  Procedure 

3.1.  Place  in  position  "Hose  Connected"  sign. 

3.2.  Connect  vapour  return  hose  using  sealing  vrashers. 

3.3.  Connect  up  liquid  fill  hose  using  sealing  washers. 

3.4.  llote  tanlcer  pressure. 

3.5.  Coen  vapour  recove rv  valve  on  filling  point, 

3.6.  Crack  open  vapour  recovery  valve  on  tanker  and  reduce  tanker 
pressure  to  5 psig  below  suction  pressure  of  transfer  pump 
gauges 

'3.7*  Open  fill  hose  drain  valve  on  tanker. 

3.8.  Onen  transfer  pump  outlet  valve  (liquid  should  now  be  passing 
through  the  transfer  pump  and  hose  cooling  them  down).  Allow 
2 mins,  cool  down.  Close  drain  valve. 
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3.9.  Open  pressure  delivery  valve  on  tanker  (liquid  filling 
valve) • 

3.10.  Start  transfer  pump  (green  button).  (if  the  pump 
fails  to  start,  ask  for  help  from  the  Control  Room.) 


3.11.  ViTien  the  pump  is  pumping,  close  in  on  the  vapour 
recovery  valve  on  the  tanker. 


3.12.  Maintain  tanker  pressure  until  the  tanker  liquid  level 
shows  that  the  tanker  is  full. 


2000  rigid  tanker  without  pump  fitted  - discharge  pressure 
2000  rigid  tanker  with  pump  fitted  - 50  psig  max. 

3500  semi— trailer  with  pump  fitted 
4000  semi— trailer  with  pump  fitted 
6000  semi-trailer  with  pump  fitted 
7000  semi— trailer  with  pump  fitted 

3.13.  Stop  transfer  pump  (red  button). 

3.14.  Shut  off  transfer  pump  outlet  valves. 


“ 15  psig  max. 

- 15  psig  max. 

- 33  psig  max. 

- 33  psig  max. 


3.15.  Defrost  filling  hose  pushing  liquid  into  the  tanker. 

3.16.  Shut  off  pressure  delivery  valve  (liquid  filling  valve) 
on  tanker. 

3.17.  Immediately  open  filling  hose  (middle)  drain  on  fill 
point,  and  hose  drain  on  tanker. 

3.18.  Shut  vapour  recovery  valve  on  tanker,  vapour  return  valve 
on  fill  point  and  open  recovery  hose  drain  on  tanker. 


3.19.  Finish  off  defix)sting  both  hoses  and  disconnect  from 
tanker.  Place  hose  ends  in  hose  holders. 


3.20.  Connect  and  purge  out  the  sample  line,  and  give  a small 
flow  down  the  line  to  the  analyser. 

3.21.  Inform  Control  Room  that  the  tanker  is  ready  to  test. 
When  the  test  is  complete,  disconnect  sample  line. 

3.22.  Remove  "Hose  Connected"  signs. 

3.23.  Weigh  the  tanker  out,  taking  the  top  copy  of  your 
weighbridge  ticket  back  to  the  Control  Room  and  obtain  a 
Quality  Control  release  note  for  your  load. 


NOTE:  PRESSURE  FILLING  IS  EXTREMELY  WASTEFUI^  AND  SHOULD  ONLY 
BE  USED  on  INSTRUCTIONS  FROM  YOUR  SUPERVISOR. 
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Procedure  for  filling  Cryogenic  Tankers  by  pump 
at  Stoke-On-Trent. 


This  procedrue  covers  the  filling  of  all  semi- trailers 
and  rigid  tankers  in  Cryogenic  service. 
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Procedure 


2. 


5. 


for  Filling  Tankers  by  Pump  at  Stoke: 

Before  starting  to  fill  tankers: 

1.1.  Ring  Control  Room,  ask  them  to  open  the  barrier. 

1.2.  Check  that  tanker  has  been  properly  weighed  in  and 
note  the  weight  ticket  nxunber. 

1.3*  Check  viith  Control  Room  that  tanker  can  be  filled 
and  give  them  the  number  of  Wei^t  ticket.  Tanker 
number  and  product. 

1.4*  Proceed  to  appropriate  fill  point  (and  correctly 
position  tanker). 

1.5.  Put  on  safety  glasses,  face  shields,  or  goggles, 
hard  hat  and  gloves. 

1.6.  Check  piping  and  controls  and  clean  where  necessary. 

The. valve  positions  on  the  fill  point,  prior  to  filling: 

2.1.  Transfer  pump  outlet  valve  - shut 

2.2.  Vapour  recovery  valve  - shut 

2.3 • Filling  Hose  Drain  - open 

2.4.  On  LIN  storage,  pump  suction  valve  open. 

On  LOX  storage,  pump  suction  valve  closed. 

Procedure : 


3.1.  Place  in  position  "Hoses  Connected"  sign. 

3.2.  Connect  up  vapour  recovery  hose  using  sealing  washers. 

3.3.  Connect  up  liquid  fill  hose  using  sealing  washers. 

3.4.  Note  tanker  pressure. 

3.5.  Open  vapour  recovery  valve  on  fill  point. 

3.6.  Crack  open  vapour  recovery  valve  on  tanker  and 
reduce  tanker  pressure  to  5 psig  below  the  pressure 
shov;n  on  the  transfer  pump  pressure  ^[y^e. 

3.7.  Shut  filling  hose  drain  valve  on  fill  point  and 
open  hose  drains  on  tanker. 

3.8.  Open  transfer  pump  outlet  valve  (Liquid  should  now 
be  passing  throu^  the  transfer  pump  and  cooling 
hosei.  Allow  2 minutes  to  cool  down. 

3*9*  Open  pressure  delivery  valve  on  tanker  (Liquid  filling 
valve)  and  close  hose  drain  valve. 
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3. 10,  Start  transfer  pump,  (starters  are  positioned 
behind  left-hand  LOX  point) 

3* 11*  If  pump  fails  to  starts  ask  for  help  from  the 
Control  Room, 

3 •12,  \Then  pump  is  pumping  properly  close  in  on  the 
vapour  recovery  valve  on  tanker. 


3*13«  Maintain  the  tanker  pressure  until  tanker  liquid 
level  gauge  shows  that  the  tanker  is  full. 


2000 

2000 

5500 

4000 

6000 

7000 


Rigid  tanker  without  pump  fitted  — discharge  pressure 
Rigid  tanker  with  pump  fitted  - 50  psig  max. 

Semi- trailer  with  pump  fitted 
Semi-trailer  with  pump  fitted 
Semi- trailer  with  pump  fitted 
Semi- trailer  with  pump  fitted 


15  psig  max. 
15  psig  max. 
33  psig  max. 
33  psig  max. 


3* 14.  Stop  transfer  pump.  (Red  button) 


3*15*  Shut  off  transfer  pump  outlet  valve. 

3*16,  Defrost  filling  hose  pushing  liquid  into  the  tanker. 

3.17.  Shut  off  pressure  deliveiy  valve  (liquid  filling)  on 
tanker. 


3.18.  Immediately  open  filling  hose  drain  on  Pill  Point 
and  Hose  Drain  on  tanker. 

3*19#  Shut  vapour  recovery  valve  on  tanker,  vapour  return 
valve  on  fill  point  and  open  vapour  recovery  drains. 

3*20.  Finish  off  Defrosting  both  hoses  and  disconnect  from 
tanker.  Place  hose  ends  in  hose  holders. 

3.21.  Connect  and  purge  out  sample  line  and  give  small  flow 
down  the  line  to  the  analyser. 

5*22.  Inform  Control  Room  that  the  tanker  is  ready  to  test. 
V/hen  the  test  is  completed,  disconnect  sample  line. 

3.23.  Remove  “Hoses  Connected"  sign. 

3«24*  Wei^  tanker  taking  the  top  copy  of  the  weighbiudg^ 
ticket  back  to  the  Control  Room.  Obtain  a quality 
control  release  note  for  the  load. 

NOTE:  PRESSURE  FILLING  IS  EXTR'-IIELY  WASTEFUL,  AND  SHOULD  ONLY 

BE  USED  ON  INSTRUCTION  FROM  YOUR  SUPERVISOR, 
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Purge  Procedure  for  Cryogenic  Liquid 
Container 


fhis  procedure  outlines  the  mettiods  and  practices  employed 
in  purging  cryogenic  containers  which  are  employed  as  customer 
stations,  district  storage  tanks,  or  for  transporting  cryogenic 
products* 
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1.  Scope 


This  procedure  will  apply  to  all  cryogenic  containers 
which  contain  a pressure  build-up  coil;  and  are  to  be 
placed  in  liquid  oxygen,  liquid  nitrogen,  or  liquid 
argon  service*  Each  container,  whether  new  and  being 
placed  in  service  for  the  first  time,  or  used,  and 
being  changed  from  one  service  to  another,  will  be 
purged  for  the  *new*  product  service  in  accordance 
with  this  procedure* 

2.  Limitations 


2.1*  This  procedure  applies  only  to  the  products  - liquid 
oxygen,  liquid  nitrogen,  and  liquid  argon.  It  does 
not  include  purge  procedures  for  placing  a product 
container  in  liquid  hydrogen  service. 

2*2*  Where  tanks  are  to  be  changed  from  L.N.G.,  C02, 

Ethylene  or  any  other  cryogenic  liquid  other  than 
LOX,  LIN  and  LAR,  the  quality  Control  Department 
of  I.G.D,  must  be  advised  and  no  action  taken  by 
the  Districts  until  a procedure  is  issued  from  them* 

2.3«  Eor  new  LOX,  LIN  or  LAR,  installations,  where 

quality  is  critical  and  for  all  changes  of  tanks 
from  LOX,  LIN  or  lAR,  to  L0\  LIN  or  LAR,  the  purge 
and  analysis  procedures  given  in  pages 
must  be  followed  with  the  co-operation  of  the  quality 
Control  Department. 

2.4.  Any  tank  about  which  there  is  any  doubt  what  so  ever  as  to 
the  presence  of  hydrocarbon  or  other  impurities  which  may 
have  got  into  the  tank  from  the  customer's  process 
then  it  is  essential  that  Duality  Control  Department 
at  Stoke  is  consulted  before  this  tank  is  put  into  any 
other  duty* 

2*5«  If  it  is  necessary  to  send  such  a tank  to  Acrefair  for 

degreasing  or  decontamination  then  I.G.D.  quality  Control 
will  co-operate  vdth  Acrefair  and  issue  a certificate  of 
cleanliness  when  the  tank  has  been  cleaned* 

2.6*  For  new  installation  where  quality  is  not  critical,  if 
agreed  by  the  District  Manager,  the  purge  procedures 
only  may  be  carried  out  v/ithout  any  analysis.  If  there 
are  any  doubts  about  such  a case,  the  quality  Control 
Jepartment  should  be  consulted. 
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3 • General  Procedure 

5.1.  Generally,  the  purging  procedure  will  involve  introducing 
a small  amount  of  liquid  into  the  container  through  the 
liquid  fill  and  drain  line  with  the  pressure  build-up 
valve  open  and  all  other  valves  closed.  Liquid  will  be 
^troduced  slowly « so  that  when  the  maximum  purge  pressure 
is  attained,  a minimum  excess  of  liquid  will  be  present 
jji  the  tank.  *//hen  the  pressure  has  reached  the  maximum 
purge  pressure,  the  liquid  introduction  will  be  discontinued, 
LIN  and  L.A.H  ONLY  can  be  drained  from  the  container,  and  the 
gas  will  be  bled  to  the  minimum  purge  pressure.  This 
procedure  will  be  repeated  until  analysis  or  other  means 
indicate  the  container  to  be  adequately  purged. 

3.2.  Kaximum  Purge  Pressure 

fhe  maximum  purge  pressure  is  that  pressure  which  will  be 
attained  after  each  liquid  addition.  This  pressure  will 
be  attained  by  vaporising  the  liquid  in  the  oressure  build- 
up coil  and  will  be  equal  to  50?^  of  the  rel^^f  valve  setting, 
determine  the  maximum  purge  pressure  prior  to  commencing 
to  purge  the  container. 

3.3.  Minimum  Purge  Pressure 

In  order  to  prevent  back  diffusion  of  atmospheric 
contaminants  into  the  container,  a minimum  gas  pressure 
must  be  maintained  within  the  container  at  all  times 
during  the  purging  procedure.  The  minimum  purge  pressure 
should  be  equal  to  2 psig  or  the  smallest  graduated 
division  on  the  container  gauge;  which  ever  is  the  greater 
value. 

^ . Tanker  Trailer  Purging  Procedure 

Specific  instructions  for  purging  tarJcer  trailers  for  liquid 

oxygen,  liquid  nitrogen,  or  liquid  argon  service  are! 

4.1.  Determine  the  product  which  the  tanker  trailer  has  most 
recently  contained;  or,  if  it  is  a new  piece  of  equipment. 
This  information  is  necessary  in  selecting  the  analyser  to 
be  used  to  monitor  the  purge  gas  and  determine  when  the 
purge  is  completed. 

4.2.  Attach  the  liquid  source  of  the  new  product  to  the  liquid 
fill  and  drain  line  on  the  tanker  trailer.  Close  all  valves 
except  the  valve  to  the  pressure  build-up  coil.  Slowly 
introduce  liquid  into  the  tanker  allowing  the  liquid  to 
vaporise  in  the  lines  and  in  the  pressure  build-up  coil. 

*^hen  the  pressure  in  the  tanker  equals  the  maximum  purge 
pressure,  discontinue  adding  liquid. 
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4.3 • Open  all  valves  which  should  normally  drain  liquid 
from  the  tanker  and  allow  all  liquid  (if  any)  to 
drain  from  the  tanker.  Be  sure  to  drain  liquid  through 
the  pump  and  the  pump  cool  down  line,  if  possible. 

(The  appearance  of  gas  in  indicates  that  all  liquid  has 
drained).  When  all  the  liqid  has  drained  from  the 
liquid  valves,  open  all  valves  which  would  normally 
vent  vapour  from  the  tanker.  Close  all  valves 
(’^Liquid'*  and  **vapour’0  when  the  pressure  in  the  tanker 
is  equal  to  the  minimum  purge  pressure. 

4.4.  Extreme  care  must  be  taken  as  to  where  liquid  is  drained. 

4.5«  Repeat  the  procedure  outlined  in  Paragraph  3*4.  until 

analysis  of  the  vapour  indicates  the  tanker  to  be  purged, 
(see  Analysis,  Paragraph  6 below). 


NOTE; 

Certain  districts  have  large  vaporisers  which  can  be  used  to 
supply  vapour  as  a purge  medium.  If  vapour  is  used  as  a 
purge  medium,  there  should  be  no  change  in  the  sequence  of 
valve  manipulation  for  presurization  and  venting  as  outlined 
in  Paragraph  : 4 

5.  Storage  Tank  Purging  Procedure 

5.1.  Specific  instructions  for  purging  permanently  mounted 
tanks  (customer  stations  and  district  storage  tanks) 
for  liquid  oxygen,  liquid  nitrogen,  or  liquid  argon 
service  are: 

5.2.  determine  the  product  which  the  storage  tank  has  most 
recently  contained;  or,  if  it  is  a new  piece  of  equipment. 

This  information  is  necessary  in  selecting  the  analyser 

to  be  used  to  monitor  the  purge  gas  and  determine  when  the 
purge  is  completed. 

5.3.  Attach  the  liquid  source  of  the  new  product  of  the  liquid 
fill  line.  Close  all  valves  except  the  valve  to  the  pressure 
build-up  coil.  Slowly  introduce  liquid  through  the  lower 
fill  line  into  the  tank  allowing  the  liquid  to  vaporise  in  the 
lines  and  in  the  pressure  build-up  coil.  When  the  pressure 
in  the  tank  equals  the  maximum  purge  pressure,  discontinue 
adding  liquid. 

5.4.  Open  all  valves  which  should  normally  drain  liquid  from 
the  tank  and  all  all  liquid  (if  any)  to  drain  from  the 
tank,  (The  appearance  of  gas  indicates  that  all  liquid 

has  drained).  When  all  liquid  has  drained  from  the  "liquid’’ 
valves,  open  all  valves  which  would  normally  vent  vapour 
from  the  tank.  Be  sure  to  allow  vapour  to  vent  from  the 
liquid  top  fill  line.  Close  all  valves  ("liquid"  and 
"vapour")  when  the  pressure  in  the  tank  is  equal  to  the 
minimum  purge  pressure. 
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5.5.  Repeat  the  procedures  outlined  above  until  analysis 
of  the  vapour  indicates  the  tank  to  be  purged.  (See 
Analysis,  Paragraph  6 below). 

6.  Analysis 

(ihis  section  i^  taken  from  APCI  District  Operations  Manual 

Section  I.5  and  Equipment  Specified  may  not  be  available  in 

the  U.K,  i^quivalent  test  would  be  acceptable). 

6.1.  Analysis  will  be  performed  to  determine  when  the  container 
has  been  completely  purged.  These  analyses  will  be 
performed  on  vapour  from  the  container  usually  as  the 
vapour  is  being  vented  during  the  depressurisation  step 

of  the  purge  procedure.  A 1/^"  copper  tubing  line  should 
be  attached  to  one  of  the  vapour  discharge  lines  (full  tricock 
or  vapour  leg  of  liquid  level  gauge  are  acceptable)  on  the 
container  to  be  used  to  supply  the  sample  of  the  analyser. 

6.2.  selection  of  the  analyser  to  use  for  monitoring  the 

purge  gas  will  be  in  accordance  with  Table  I.  (^ee  Eheet  No  ,7  ) 

6.5*  Column  1,  Previous  Service,  indicates  the  product  which  the 
container  has  most  recently  contained.  If  it  is  a new 
container,  it  is  assumed  that  the  container  is  filled 
with  air. 

6.4.  ^^olumn  II,  New  Service,  indicates  the  product  service  into 
which  the  container  is  being  placed. 

6.5*  Column  III,  Analyser,  lists  the  analysers  to  be  used  in 
monitoring  the  purge  gas. 

6.6.  The  oxygen  orsat  is  the  standard  Air  Products  Oxygen 
purity  test  set  (Burette  and  Copper- Ammonium  Solution). 

6.7.  The  trace  oxygen  analyser  can  be  either  the  ASC  Model 
300  with  appropriate  range  or  the  APCI  Hot  Filament 
Trace  Oxygen  Analyser  (Puff  Tester)  or  equal. 

6.8.  The  thermal  conductivity  analyser  should  have  a sensitivity 
capable  of  indicating  a 0 - 500  ppm  full-scale  range  of 
nitrogen  contamination  in  argon,  or  0 - 500  ppm  full-scale 
range  of  argon  in  nitrogen. 

6.9»  The  ion  mobility  analyser  shall  be  as  manufactured  by  Air 

Products  and  Chemicals,  Inc.,  Speciality  Gses  Dept.,  with  a 
full-scale  range  of  0-50  ppm  nitrogen  in  argon. 

6.10.  Column  IV,  Analysis  Requirements,  lists  the  level  of 

measurement  of  the  compound  listed  which  must  be  attained 
before  the  container  is  considered  to  be  completely 
purged.  s=  less  than;  > = greater  than. 
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7.  Safety 


7.1.  Proper  safety  precautions  should  be  considered  in  these 
procedures  to  safeguard  against  the  following  hazards^ 

7*2 • Exposure  of  personnel  to  high  concentrations  of  nitrogen 
or  argon  in  the  atmosphere.  ’ (No  personnel  should  be 
permitted  to  work  at  an  atmospheric  containing  less  than 
l8%  oxygen). 

7.3 • Combustibility  problems  may  arise  from  venting  liquid 
oxygen  where  it  may  combine  with  combustible  materials 
or  where  personnel  may  be  exposed  to  high  concentrations 
of  oxygen  in  the  atmosphere  containing  more  than  25^ 
oxygen) « 

7.^«  Personnel  should  tadce  due  to  prevent  exposure  to  liquid 
or  structural  materials  which  may  be  at  cryogenic 
tempe ratures. 
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Pur po^e 

purporje  of  this  proceaure  in  to  establish  a standard  method 
'•'it'iin  the  compaiiv  for  fillin'"’  hir;h  pressure,  standard  purity, 
lanent  cylinders  a^td  to  ensui'e  compliance  of  the  gases 
‘.dth  the  company's  specifications. 

Kespo  nsibi  li  ty 

It  is  the  res.ionsibility  of  the  district  General  Manager  and 
the  Trinsport  depot  Manager  to  ensure  that  this  procedure  is 
implemented  and  adhered  to. 


i roc  edure 

3.1.  Collect  cylinders  that  are  currently  in  service  with  the 
yas  to  be  filled. 

3*-l*  fhe  cylinder  should  be  free  from  dents  or  severe 
coiTOsion  and  the  valve  in  good  working  order. 

3.3 • heject  cylinders  that  do  not  comply  with  company 
standard  colour  code  and  labelling  requirements. 

3*4.  Tap  the  cylinder  vyith  a solid  object  and  listen  for  a 
ring  to  indicate  that  the  cylinder  is  free  from  water. 

Reject  non  ringers. 

3.5*  Reject  cylinders  tl:iat  have  not  been  tested  within  the 
last  3 years. 

3.6.  Roll  acceptable  cylinders  to  filling  manifold  and  open 
all  pigtail  valves. 

3.^.  Gniff  cylinders,  reject  any  with  detectable  odour,  and  connect 
pigtails;  cylinders  with  residual  pressure  should  have 
their  valves  closed. 

3.3.  -iny  pigtails  that  are  not  used  should  be  isolated  with 
their  respective  valves. 

.9.  Open  vac  valve  and  start  vac  pump. 

3.10.  when  a vacuum  of  5 Hg  has  been  drawn  close  vac  valve 
and  switch  off  pump. 

3.11.  Open  residual  pressure  cylinders  valves  and  allow  pressure 
to  equalise  throughout  the  manifold. 

5.IR.  Analyse  the  manifold  gas,  enter  results  in  charging  log. 

3.13.  hvacuate  manifold  if  impurity  levels  exceed  three  times 
specification. 
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3.14 • Fit  surface  thermometer  to  one  cylinder  on  the  manifold, 
3 •15.  Open  gas  filling  valve* 

3.16*  Analyse  gas  being  filled  when  manifold  pressure  exceeds 
1000  psig,  enter  results  in  charging  log* 


3.17.  Observe  cylinder  temperature  near  the  end  of  filling  and 
adjust  the  final  pressure  log  results* 

3.18.  Analyse  cylinders  according  to  schedule  EM  56-01  of 
this  Manual* 

Send  one  cylinder  taken  at  random  to  Stoke  for 
analysis  each  month* 
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Procedure  for  the  Installation  of  a Cryogenic  Tank. 
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1.  Before  starting  any  erection  check  that:- 

1*1*  The  foundation  for  the  tanks  is  ready  and  has  been  cast 
long  enough  for  it  to  stand  the  weight  of  the  tank, 

1.2,  The  tank  has  not  suffered  any  damage  in  transit  and  check 
vacuum. 

1.3.  The  crane  is  suitable  for  the  load  at  the  radius  you  want 
the  jib  to  work  at  and  that  there  are  enough  chains  or 
slings  for  the  job  in  hand. 

2.  Remove  tank  from  lorry  and  place  in  position  on  foundation.  If 
tank  was  transported  standing  on  its  feet  it  can  be  placed  straight 
onto  its  foxmdation,  but  if  it  has  been  sent  lying  down  then  the 
tank  must  be  placed  on  the  ground  and  then  carefully  raised  to  a 
standing  position  before  being  put  onto  the  foundation. 

Note : Never  allow  anyone  to  walk  or  stand  under  the  tank  whilst  it 
is  hanging  on  the  crane  hook  and  do  not  allow  the  lorry  to 
drive  away  if  the  cab  of  the  lorry  has  to  pass  below  the 
tank  hanging  on  the  crane  hook. 

The  basic  safety  precaution  of  never  to  walk  or  stand  below 
a hanging  load  can  be  seen  to  be  broken  in  every  factory 
every  day  but  should  not  be  allowed  to  be  ignored  on  o\ir 
sites,  neither  should  any  person  stand  or  sit  on  the  tank 
as  it  is  being  lifted. 

3.  Place  any  remote  ambient  air,  steam  or  electrically  heated  vaporisers 
in  position. 

4.  Pipe  up  tank  to  vaporiser  and  to  customer  line  using  copper  tube. 

Pit  appropriate  hose  coupling  for  service  required  if  not  already 
fitted.  (Refer  to  Spec.  EM22-01) 

5.  Test  all  piping  with  gaseous  nitrogen  at  360  psig.  The  remote 
vaporiser  circuit  will  have  to  be  fed  with  the  testing  gas  at  the 
most  convenient  point.  It  might  be  necessary  to  fit  a tee  in  a 
line  specially  for  this  purpose,  the  branch  of  the  tee  being  blanked 
off  with  a screwed  plug  after  the  successful  test. 

6.  Pill  tank  with  liquid  (Standard  Method). 

The  first  filling  of  a tank  should  be  done  with  care  and  the 
District  Engineer  or  Senior  Technician  should  be  present. 

Check  first,  all  valves  are  operative  and  that  all  screwed  unions 
are  tight. 

Check  that  the  following  valves  are  shut  (all  valve  reference  numbers 
refer  to  A.P.L.  manufactured  tanks) 

VI,  V2,  V3,  V4.  V5,  V6,  V7,  VIO,  V12,  V14,  Vl6, 

V18  (if  fitted). 

and  that  the  following  valves  are  open:- 
V8,  V9,  Vll,  V13,  V17 
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Connect  hose  from  tanker  to  tank.  Open  V17,  allow  liquid  to  flow 
from  tanker  and  when  hose  has  cooled  down  (liquid  present  at  V7) 
open  VI  and  V3  and  close  V7. 


filling  a new  warm  tank  the  above  will  be  found  to  be  the  most 
effective  method.  Liquid  allowed  to  enter  the  tank  via  the  top 
fill  valve  72  will  only  tend  to  get  carried  out  through  the  vent. 

Check  the  vacuiim  at  regular  intervals  during  the  fill  and  watch 
for  any  frosting  on  what  should  be  warm  or  static  lines  indicating 
that  there  is  a leak  somewhere. 

Loosen  unions  on  liquid  level  gauge  and  tank  pressure  gauges  «r>d 
allow  gas  to  flow  for  a few  seconds,  this  will  blow  any  residual 
trichlorethylene  from  these  small  bore  pipes  which  could  freeze 
and  cause  instruments  to  read  incorrectly. 

As  more  and  more  liquid  is  present  in  the  tank  the  vent  V13  can 
be  gradually  shut. 

Unless  the  tank  is  going  on  stream  immediately  after  filling  it 
is  suggested  that  the  tank  only  be  filled  to  60^  of  its  capacity 
at  the  first  fill.  This  will  allow  a larger  vapour  space  to  be 
available  to  take  the  vaporisation  that  will  take  place  from  this 
semi-warm  tank. 


Pilling  tank  with  liquid  (High  purity  method). 

Butterfield  tanks  are  given  a cold  shock  test  at  their  works 
using  liquid  nitrogen.  A.P.L.  tanks  are  not  shock  tested. 

The  boiling  point  of  nitrogen  at  15  psi  is  -320°F,  Argon  -302°F 
oxygen  -297  P.  ^ 

Nitrogen  or  Argon  put  into  a tank  containing  Oxygen  could  condense 
the  gas  causing  impurities  in  the  Argon.  If  tiie  t ank  has  been 
thoroughly  purged  of  the  test  gas  tising  air,  the  Oxygen  in  the  air 
could  also  contaminate  the  Argon  or  Nitrogen.  Therefore  it  is 
essential  that  the  product  to  the  customer  is  to  be  as  pure  as 
possible  and  the  following  procedure  must  be  adopted.  If  possible 
the  tank  should  arrive  on  site  a few  days  before  filling  and  the 
vent  valve  V13  cracked  open  and  valves  V3  and  712  opened  fully, 
toy  cold  gas  or  liquid  still  in  the  tank  will  then  be  warmed  up 
in  the  pressure  build  up  vaporiser  and  go  out  via  the  vent.  Couple 
up  tanker  to  tank  in  usual  way,  check  that  the  following  valves 
are  shut;- 


VI,  72,  73,  74,  75,  76 
716  and  718  (if  fitted 


77,  710,  713,  714,  715, 


and  that  the  following  valves  are  open;— 
78,  79,  711,  717. 


Open  valve  77  and  pass  liquid  through  hose,  when  liquid  appears 
at  77  shut  77  and  open  VI  and  73.  Allow  tank  pressure  to  build 
up  to  about  100  psi.  Shut  valve  VI  and  open  713. 
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\ftien  tank  has  vented  down  to  zero  pressure,  shut  V13  and  open  VI 
again  allow  pressure  to  rise  to  about  100  psi*  Shut  VI  and  open 
V13.  V/hen  vented  close  V13  and  proceed  once  more  to  open  VI, 
build  up  pressure  to  100  psi  and  again  vent  by  opening  V13- 

This  operation  should  have  cleared  out  all  but  a few  parts  per 
million  of  the  contaminating  gas  and  filling  can  proceed  as  in 
the  Standard  Method, 

VHien  filling  with  Argon  use  of  the  vent  should  be  kept  to  a mi  nlimnn 
as  Argon  gas  is  expensive  and  wastage  must  be  minimised# 

8.  The  tank  now  containing  liquid  should  be  left  with  the  following 
valves  shut:- 

VI,  V2,  V3,  V4,  V5,  V6,  V7,  VIO,  V12,  V13,  V14, 

V16,  V18  (if  fitted). 

and  the  following  valves  oi>en:- 

V8,  V9,  Vll,  V17. 

Unless  the  tank  is  to  go  on  stream  immediately,  when  the  procedure 
for  setting  a tank  to  work  is  to  be  followed.  This  is  shown  in 
paragraph  9# 

9.  First  ascertain  the  maximum  line  pressure  the  customer  requires. 

The  tank  pressure  will  then  be  20  psi  hi^er  than  this  and  the 
economiser  regulator  setting  about  40  psi  hi^er  than  the  line 
pressure. 

The  first  regulator  to  adjust  will  be  the  economiser  regulator 
PCV3. 

Starting  with  the  valves  shut  and  open  as  given  in  paragrajdi  8 
the  procedure  is  as  follows: 

Open  V3  and  V12  and  screw  the  adjustment  of  the  pressure  build  up 
regulator  PCVl  in  until  the  tank  pressure  is  about  10  psi  above 
the  required  setting  of  the  economiser  regulator. 

Crack  open  a valve  on  the  customer  pipe  line  or  loosen  the  union 
on  the  pipeline  pressure  gauge  P.1.2,  and  V16,  this  will  allow -a 
small  quantity  of  gas  to  flow.  No  regulator  can  be  set  against  a 
dead  ended  line. 

If  gas  is  flowing  the  setting  of  the  economiser  regulator  as  sent 
from  the  manufacturer  is  too  low  and  the  adjustment  screw  must  be 
screwed  down  (clockwise)  about  half  a turn  at  a time  xmtil  the  flow 
ceases  at  the  required  pressure.  If  gas  is  not  flowing  the 
adjustment  screw  is  to  be  unscrewed  (anticlockwise)  until  gas  begins 
to  flow. 

The  economiser  regulator  is  not  an  easy  valve  to  set  and  the  setting 
is  only  accurate  to  + or  - 10  or  15  psi.  It  can  be  assumed  to  be 
shut  off  when  the  non  return  valve  down  stream  of  it  only  * ticks*  at 
a slow  rate.  It  is  not  important  that  this  valve  be  set  accurately 
so  long  as  there  is  an  appreciable  margin  of  pressure  between  the 
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feving  set  the  economiser  regulator  the  valve  V13  should  be  opened 
0 allow  the  tanlc  pressure  to  drop  below  the  required  setting  oT 
the  pressure  build  up  regulator  PCVl  and  the  adjustment  screw  on 
the  PCVl  unscrewed.  \!hen  the  tank  pressure  is  about  20  psi  below 
the  required  setting  on  PCVl  shut  off  V13. 


Screw  the  adjusting  screw  on  PCVl  in  (clockwise)  half  a turn  at  a 
time  until  the  tank  pressure  is  at  the  required  pressure* 

To  set  the  line  pressure  regulator  PCV3  open  V14.  Liquid  gas 
will  now  flow  through  the  external  and  internal  vaporisers  and 
the  adjustment  screw  on  PCVl  should  be  screwed  in  (clockwise)  to 
increase  the  line  pressure  or  unscrewed  (anticlockwise)  to  decrease 
the  line  pressure. 


The  tank  is  now  ready  for  service, 

10,  V/ith  the  tank  still  feeding  gas  to  the  customer's  pipeline  go 

round_ to  every  down  drop  point  and  open  the  valve  for  a short  time, 
this  IS  to  ensure  that  the  pipeline  is  purged  of  all  test  gas  or 
air.  I’Hien  you  are  satisfied  that  the  line  is  purged  check  that  all 
down  drop  valves  are  shut  and  then  turn  off  valve  V16  on  tank. 

InstTOct  the  customer  engineers  as  to  the  function  of  the  tank  and 
point  out  quite  clearly  that  the  only  valves  he  has  to  bother  with 
are  V14  and  V16.  You  should  tell  him  to  turn  off  either  or  both 
of  these  valves  at  the  end  of  each  working  day  so  that  if  a^y  drop 

point  valves  are  left  open  accidently  overnight  he  will  not  lose 
any  gas. 


11.  The  following  special  procedure  is  to  be  followed  where  the  tank 
has  only  a veiy  low  gas  take-off  rate: 

It  sometimes  happens  that  a small  tank,  say  a 35H  is  installed 
for  a continuous  flow  which  is  very  small,  as  could  happen  for 
any  argon  supply  to  the  benches  of  argon  arc  welders  who  might 
only  be  taking  about  350  scf  per  day. 


The  natural  heat  leak  into  the  smaller  sizes  of  tank  could  well 

capacity  of  the  tank,  i.e.  approximately 
350  scf  for  a 35M  tank.  Therefore,  if  the  tank  is  only  used  five 

week  there  will  be  a build  up  of  pressure  at  the  week  ends 

which  will  not  be  lowered  by  the  gas  consumption  during  the  working 

week,  eventually  pressure  will  build  up  hi^  enough  for  the 

relief  valve  to  lift* 


12.  To  install  a tanlc  for  the  above  type  of  application  proceed  up 

to  paragraph  9 in  the  previous  instructions  and  then  do  as  follows: 

First  ascertain  the  maximum  line  pressure  the  customer  requires. 

The  setting  for  both  the  pressure  build  up  and  the  economiser 
regulator  will  be  20  psi  higher  than  this  figure. 
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This  will  mean  that  during  relatively  high  flow  periods  gas  will 
be  passing  through  the  pressure  build  up  coil  and  throu^  pressure 
build  up  regulator  PCV.l.,  maintaining  a pressure  on  the  tank  and 
also  flowing  through  the  economiser  regulator  PCV  3.  to  the 
customer’s  vaporiser  and  to  the  houseline. 

After  the  tank  has  been  standing  for  some  time  without  gas  being 
dravm  from  it^  the  tank  pressure  v;ill  have  risen  to  about  the 
setting  of  pressure  build  up  regulator  PCV.l,  and  then  when  gas 
is  irithdrawn  this  excess  pressure  will  be  taken  off  first  throu^ 
the  economiser. 

Starting  v/ith  the  valves  shut  and  open  as  given  in  paragraph  8 
the  procedure  is  as  follows: 

Open  V3  and  V12  and  screw  the  adjustment  of  the  pressure  build  up 
regulator  PCV.l.  in  until  the  tank  pressure  is  20  psi  higher  than 
the  required  customer  line  pressure. 

Crack  open  a valve  on  the  customer  pipeline  or  loosen  the  union 
on  the  pipeline  pressure  gauge  P.1,2.  Open  V.l6  this  will  allow 
a small  quantity  of  gas  to  flow.  No  regulator  can  be  set  against 
a dead  ended  line. 

If  gas  is  flovring  the  setting  of  the  economiser  regulator  as  sent 
from  the  manufacturer  is  lower  than  the  tank  pressure  and  can  be 
left  as  it  is.  If  gas  is  not  flowing  the  adjustment  screw  is  to 
be  unscrewed  (anti-clockwise)  until  the  gas  begins  to  flow, 

not::  at  no  TIIP^  CHOULD  valve  V18  be  opened  or  V12  be  closed. 

In  fact  the  handwheels  should  be  removed  to  make  sure  they  are  not 
operated  by  mistake  by  the  customer’s  engineer  or  other  persons 
having  access  to  the  tank. 

Finally,  set  line  pressure  regulator  PCV.2  and  the  tank  is  now 
ready  for  service, 

13.  Vith  the  tank  still  feeding  gas  to  the  customers  pipeline,  go 

round  to  every  down  drop  point  and  open  the  valve  for  a short  time, 
this  is  to  ensure  that  the  pipeline  is  purged  of  all  test  gas  or 
air.  ’/hen  you  are  satisfied  that  the  line  is  thoroughly  purged, 
checked  that  all  down  drop  valves  are  shut  and  then  turn  off  valves 
V3  and  V16  on  the  tank. 

Instruct  the  customer’s  engineer  as  to  the  function  of  the  tank 
and  point  out  quite  clearly  the  only  valves  he  has  to  bother  with 
are  V3,  and  V16.  You  should  tell  him  to  turn  off  both  of 
these  valves  at  the  end  of  each  working  day  so  that  if  any  drop 
point  valves  are  left  open  accidentally  overnight  he  will  not 
lose  any  gas. 

14#  All  valve  handwheels  are  to  be  colour  coded  as  follows: 

14*  1.  The  handwheels  of  valves  that  must  be  shut  in  an  emergency 
are  to  be  painted  RED.  These  valves  are  - 

V3,  V12,  V14,  V16  and  V18. 

14,2,  All  other  handwheels  are  painted  yellow. 
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APCI  DOCUMENT 


CONTROL  PROCEDURE 


U.  K.  Plants 

Plant:  Despatch  ptmp  and  motor  assembly  to  Acrefair  covered  by  W.M.C. 

copy  to  J.  Pritchard,  Central  Operations  giving: 

1.  Maker  Serial  No.  and  Type 

2.  Hoiirs  of  Service 

3.  Details  of  failure 

k.  Notify  J.  Pritchard  the  date  that  the  overhauled  p\amp  is 
returned  to  plant. 

Acrefair : Return  pump  and  motor  assembly  to  plant  with  the  following 

completed  documentation  (Copies  to  J.  Pritchard  at  Central 

Operations ) . 

l.  Final  Inspection  report  - specifying  pump  type.  Makers 
Serial  No.  and  Destination. 

2.  Sheet  showing  measured  clearance  and  dimensions  fo\ind  on 
resussembly  of  pump  and  motor  assembly. 

3.  Sheet  showing  condition  of  pump  and  motor  assembly  on 
stripping  - list  of  parts  replew:ed  and  sxmmary  of  work 
done. 


CONTINENTAL  PLANTS 

1.  Inform  central  operation  of: 


1.1 

Make, 

type,  euid  serial  No. 

1.2 

Hoxirs 

of  Service. 

1.3 

Details  of  failure. 

2.  Obtain  permission  of  central  operations  to  \indertake  the  repair.  It 
will  probably  be  necessary  for  a speciaLList  engineer  to  attend. 

3.  On  ccanpletion  of  repair  send  to  central  operations: 

3.1  Sheet  showing  measured  clearance  and  dimensions  found  on 
resissembly  of  pump/motor  assembly. 

Sheet  showing  condition  of  pump  and  motor  assembly  on 
stripping  a list  of  parts  replaced  and  summary  of  work  done. 
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Cryostar  Pump  and  Motor  Assembly  C155/9»3 


Generea  Instructions 


1.  The  shaft  of  the  pump  is  at  the  same  time  the  shaft  of  the  drive  motor 
and  it  is  therefore  essential  that  the  pump  and  motor  are  treated  as  one 
assembly. 

2.  Whenever  the  p\unp  and  motor  assembly  come  for  overhaul,  a new  mechanical  seal 
will  be  fitted  and  new  motor  bearings. 

3.  Motor  should  have  insulation  check  and  be  visually  inspected. 

4.  On  reassembly  those  parts  of  pump  which  show  signs  of  wear  or  are  dimensionally 
unacceptable  should  be  replaced  and  the  information  recorded. 

5.  On  the  assembly  of  the  cold  end,  euLl  parts  to  be  thoroughly  degreased  and  then 
inspected  with  a black  lamp  for  contamination. 

6.  The  use  of  a grease  which  is  compatible  with  oxygen  must  only  be  used 
sparingly  on  all  threaded  parts. 

NOTE:  Greeise  used  must  conform  with  APL  specifications. 


( 
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RemovaJ.  of  Puap  ABsenibly 


And  Preparation  for  the  Clean  Room 


1.  Obtain  work  permit. 

2.  Disconnect  the  electric  feed  cables  to  the  motor. 

3.  Disconnect  suction  and  discheurge  line  flanges,  cover  all  the  flange  openings 
with  a clean  polythene  bag. 

4.  Remove  the  four  holding  down  bolts  from  the  motor  base  and  remove  the  pump 
8issembly. 

5.  Thoroughly  clean  the  outside  of  the  assembly,  the  assembly  can  then  be  taken 
into  the  clean  work  area. 


- 5 - 


TOOL  REQUIREMENTS 


1.  Hard  insulated  micrometer. 

2.  Bearing  extractor  kit. 

3.  Clock  gauge  with  a clamp  stand. 

U.  Blewk  light. 

5.  Shaft  clocking  clamp. 

6.  Inspection  torch. 

7*  Wsurming  plate. 

8.  Soft  paint  brush. 

9.  Test  megger. 

10.  Lint  free  gloves  and  cloths. 

11.  Blast igauge  in  four  sizes  1.0  2.0  3.0  and  U.O  millimeters 

12.  Mechanical  Seal  Tool  No.  320623 

13.  Inspection  Centers 
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PUMP 

DISMANTLIHQ  COLD  EWD 

c 155/9.5- 
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Dismantling  the  Pump 
(See  Drawing  No.  U36389)  Peige  No.  26 


Stripping  the  pump  is,  thsuiks  to  its  simple  construction,  not  very  difficult  as 
long  as  it  is  done  carefully  and  in  the  right  order: 

1.  Unscrew  the  eight  bolts  Item  9* 

2.  Remove  the  volute.  Item  1 and  the  flexitallic  gasket  Item  10. 

3.  Remove  the  nut.  Item  20. 

Separate  carefully  the  impeller  from  the  shaft. 

5.  Remove  the  rotating  seal  ring.  Item  17  as  well  as  seal.  Item  I8. 

6.  Lift  the  back  plate  Item  4 off  the  shaft. 

7.  Unscrew  the  bellows  seal  assembly  Item  I6  in  a clockwise  direction  (the  seal 

assembly  has  a left  hand  thread).  The  special  tool  according  to  drawing  No. 

320  623  must  alone  be  used  to  loosen  the  seal  assembly.  The  use  of  other 
tools  is  discouraged  as  the  carbon  ring  ceui  easily  be  damaged. 

8.  After  loosening  the  screws  Item  23,  the  support  can  be  removed. 

9.  Remove  the  gas  slinger  Item  13. 

10.  Remove  the  shaft  retaining  pin  Item  21. 

11.  Slightly  warm  the  pump  shaft  Item  5 - it  can  now  be  slid  off  the  motor  shaft. 
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MOTOR  OVERHAUL 


FIOTING  HEW  BEARINGS  TO  THE  DRIVE  MOTOR 


1.  Dismantle  the  beeurlng  housings  from  each  end  of  the  motor. 

2.  Remove  the  old  bearings  using  the  correct  extracting  tool. 

3*  Clean  all  the  internal  parts  with  a recommended  cleaning  eigent. 

U.  Measure  shaft  sized  to  check  the  fitting  tolerances  for  the  bearings. 
See  Appendix.  Page  13. 

5*  Measure  the  motor  bearing  housings  to  check  the  fitting  tolerance. 

See  Appendix.  Page  13. 

6.  An  insulation  check  and  a visual  inspection  will  be  made  of  the  motor 
windings . 
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1.  Fit  bearing  retainer  to  the  motor  shaft  and  press  on  the  bearings 
using  the  correct  tool. 

2.  Fit  the  rotor  to  the  motor  assembly. 

3.  Fit  new  shaft  seals  to  the  motor  housings. 

U.  Inspect  the  bearing  spring  ring  and  refit. 

5.  Grease  the  bearings  with  the  recommended  grease,  and  fit  the  motor  end 
housings  with  the  bearing  retainer  and  ti^ten. 


11 
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AXIAL  MOVEMENT 


1.  With  a clock  mounted  on  the  motor  flange  face,  measure  the  axial 
float  of  the  motor  shaft,  at  position  1. 

2.  With  a clock  gauge  movmted  on  the  motor  flange  face, scan  the  motor 
shaft  at  position  2. 


3.  Mount  the  clock  gauge  on  the  motor  shaft,  scan  the  motor  flange  face 
for  alignment  to  the  shaft,  position  3- 

U.  Mount  the  clock  gauge  on  the  motor  shaft,  scan  the  motor  flange  rim 
position  U. 


TEST  RUN 


5.  On  completion  of  the  above  checks,  the  motor  will  be  given  a test  run 

for  a period  of  one  hour,  monitoring  the  bearing  temperature  and  checking 
the  noise  level  of  the  bearings. 


Drawing  1 

All  measurements  in  millimeters 

Position 

1 

2 

3 

4 


Design 

.04 

zero 

zero 


Permissible 

.3 

.08 

,o6 

.08 


zero 


- 13  - 


DRIVE  MOTOR  APPENDIX 


All  measurements  in  millimeters 


Position  Design  Permissible 


MIN 

MAX 

1 

.Oh 

.Oh 

.3 

2 

zero 

zero 

.08 

3 

zero 

zero 

.06 

k 

zero 

zero 

.03 

FITTING  TOLERANCES 
Motor  Bearings 

Bearing  Housing  72  m/m  at  J6  = + .013  .006 

Shaft  30  m/m  at  K5  = + .011  - +.002 
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PUMP 

ASSEMBLY  OF  THE  COLD  EHD 
C 155/9.5 


COLD  END  ASSEMBLY 


(See  Drawing  No.  U36389  & Parts  List  No.  l»3UoU7)  Pages  26  & 27 


When  it  is  found  necesseury  to  fit  a new  pimp  shaft  Item  5»  the  following 
procedure  will  be  followed. 

Measure  the  location  of  the  drilled  hole  in  the  old  pump  shaft , and  mark 
off  the  same  position  on  the  new  shaft. 

Drill  one  hole  in  the  new  pump  shaft , then  warm  the  shaft  on  a hot  plate 
to  allow  it  to  slide  over  the  meter  shaft  to  take  up  the  pin  position. 

A drill  can  then  ba  guided  through  the  located  holes  to  drill  the  other 
side  of  the  ptimp  shaft. 

A new  retaining  bolt.  Item  21,  is  then  fitted  to  the  shafts. 

Fit  the  gas  sllnger.  Item  13,  to  the  shaft  and  tighten  locking  bolt.  Item  12. 

If  the  old  shaft  Item  5 is  to  be  refitted  it  will  require  warming  on  a hot 
plate  - it  can  now  be  slid  over  the  motor  shaft  to  locate  the  retaining  pin 
hole. 

A new  retaining  bolt  Item  21  can  now  be  fitted  to  the  shafts. 

Fit  the  gas  slinger  Item  13  to  the  shaft  and  ti^ten  the  locking  bolt  Item  12. 
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PUMP  5PPP0RT  Item  6 


1.  Inspect  pump  support  faces  for  emy  burrs. 


2.  Using  bolts  Item  23  and  washers  Item  7»  ti^ten  support  to  motor. 


3.  Clamp  a clock  gauge  to  the  pump  shaft,  check  the  support  flange  face 
for  alignment  to  the  pump  shaft  at  position  5. 


With  the  clock  still  clamped  to  the  pump  shaft,  check  the  support 
rim  for  concentricity  position  6. 


Position  Design  Permissible 


MIN 

MAX 

5 

zero 

zero 

CO 

o 

• 

6 

zero 

zero 

CO 

o 

• 
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BACK  PLATE  Item  U 


1.  Fit  two  new  Teflon  seals  Item  lU  to  the  back  plate. 

2.  Fit  a new  0 ring  Item  15  and  seal  assembly  to  the  back  plate,  tighten 
down  using  tool  No.  320623. 

3.  Fit  a new  insvilator  ring  Item  11  to  pump  support,  then  fit  back  plate, 
to  pvunp  support. 


19 


I 
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MECHANICAL  SEAL  ASSEMBLY 


1.  Renew  Teflon  seals  Item  l4  in  the  back  plate. 

2.  Install  a new  0 ring  Item  15  in  the  back  plate  then  fit  the  new  or 
reconditioned  seal  assembly,  use  the  special  tool  320623. 

3.  Install  insulator  ring  Item  11  then  fit  back  plate  to  the  p\imp  support. 

4.  Pit  one  seal  distance  ring  gasket  Item  l8  to  pump  shaft  then  fit  on 
Item  17  the  rotating  seal  ring. 

5.  With  the  rotating  ring  against  the  seal  assembly,  use  a precision  depth 
gauge  to  measure  the  distance  from  the  surface  of  the  rotating  ring  to 
the  end  of  the  shaft  position  A.  Measure  to  the  nearest  h\indredth  of  an 
millimeter. 

6.  Make  sure  the  back  plate  assembly  is  pressed  firmly  against  insulator 
ring  when  the  measurements  are  made. 

7.  Compress  the  bellows  by  pressing  on  the  rotating  seal  ring  until  it 
bottoms , in  the  compressed  position  measure  the  distance  from  the  surface 
of  the  rotating  ring  to  the  end  of  the  shaft  to  the  nearest  hundredth  of 
a millimeter. 

8.  The  difference  between  the  two  measurements  is  the  seal  compression. 

9.  InstaJ.1  required  number  of  gaskets  Item  l8  between  the  shaft  shoulder 
and  seed,  ring  to  establish  the  correct  seal  compression  of  1.2  to  1.5 
millimeters . 

10.  Caution.  Never  have  more  compression  of  the  bellows  than  the  amount  of 
carbon  extending  beyond  the  metal  holder  of  the  beU-Ows  assembly. 

11.  Check  the  seal  compression  after  installing  the  gaskets. 


NOTE:  Compression  csui  be  measured  using  a clock  gauge  clamped  to  the 

pump  support. 


f 
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PUMP  IMPELLER 


1.  Using  a micrometer  measure  the  impeller  labyrinth  diameter  position  ?• 

Fit  the  impeller  key  to  the  pimp  shaft  and  slide  the  impeller  in 
position,  fit  cap  nut  Item  20  and  tighten. 

2.  Using  a set  of  feeler  gauges,  measure  the  axial  clearance  between 
impeller  and  back  plate  at  position  8 and  the  clearemce  between  impeller 
euid  wear  ring  position  9- 

3.  With  a dial  gauge  clamped  on  the  pimp  support,  check  the  concentricity 
of  the  outside  circumference  of  the  impeller  position  10  and  the  concen- 
tricity of  the  impeller  labyrinth  at  position  11. 

1*.  Remove  impeller  cap  nut  fit  new  thread  lock  retainer  Item  21,  cap  nut 
lock  washer  Item  2k  and  tighten  cap  nut,  the  tab  washer  can  now  be 
locked  over. 


Position 

T 

8 

9 

10 

11 


Design 


97 

3 

l.U 


zero 


Permissible 


MIN 

MAX 

96.95 

97 

2.8 

3.2 

1.1+ 

1.6 

zero 

0.08 

zero 

0.08 

zero 


- 
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VOLUTE 


1.  Set  volute  in  lathe  check  the  concentricity  at  position  12  outer  rim 
position  13  volute  wesir  ring. 

2.  Check  the  volute  labyrinth  diameter  position  lU. 

3.  Using  a micrometer  measure  the  inside  diameter  of  the  wear  ring,  with  the 
measurement  of  the  impeller  labyrinth  record  the  impeller  clearance. 

Without  fitting  the  Flexitallic  gasket  Item  10,  place  plastigauge  at  l80° 
apart  on  positions  15,  l6,  17  and  l8. 

Making  allowance  for  the  gasket  measurement,  the  compressed  plastigauge 
will  give  the  axial  clearances  at  these  positions. 

5.  Thoroughly  degrease  the  volute  and  impeller,  inspect  with  a black  light 
for  contamination. 


Fit  a new  Flexitallic  gasket  Item  10 
volute,  use  feeler  gauges  to  measure 
equally . 

to  back  plate  and  tighten  up  the 
that  the  volute  is  tightened  up 

Position 

Design 

Permissible 

MIN 

12 

zero 

zero 

CO 

c 

13 

zero 

zero 

.08 

l4 

97.50 

97.50 

97.55 

15 

U.O 

U.O 

U.5 

16 

l.U 

1.2 

1.6 

IT 

3.5 

3.0 

3.5 

18 

3.5 

3.0 

3.5 
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COLD  END  APPENDIX 


All  measurement  in  millimeters 


Position 

Desif^ 

Permissible 

MIN 

MAX 

5 

zero 

zero 

.08 

6 

zero 

zero 

.08 

A 

l.i+ 

1.2 

1.5 

7 

97 

96.95 

97 

8 

3 

2.8 

3.2 

9 

l.lt 

1.4 

1.6 

10 

zero 

zero 

CO 

o 

• 

11 

zero 

zero 

.08 

12 

zero 

zero 

.08 

13 

zero 

zero 

.08 

lU 

97.50 

97.50 

97.55 

15 

k.O 

4.0 

4.5 

16 

l.h 

1.2 

1.6 

17 

3.5 

3.0 

3.5 

18 


3.5 


3.0 


3.5 


spare  Parts  for  ”Cold  End^’  of 
Centrifugal  pump  C 155/9*5 


43  40  47 
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CRYOSTAR  C 155/95 

MEASUREMENT . CLEARASGl  AND  DIMENSION 
ALL  IN  MILLIMETERS 


PUMP  SSlJIftL  NO:. DATE:......... 

MATERIAL  OF  TUiEL'LLER:  SilOP  ORDER  N'O: 


MATERIAL  OF  V.'EAR  RINGS: 
POSITION. 


Las  ATI  ON. 


PROJECT  i:0:.. 
DESIGN  RANGE. 


ACTUAL. 


1. 

2. 

3. 


5. 

6. 


i A. 


‘ 7. 


< 8. 

9. 


i 10. 


: 11. 
! 12. 
il3. 
il'.. 

I 

]15. 

‘l6. 

17« 

18. 


V o o o • • • 

Zero 


Axial  Float  of  Kotor  Shiift..... .....l} 

Motor  Shaft  Concentricity, ,o,.  ,.o  . 

Kotor  Flcuagc  Pace  to  Shaft. 

Motor  Flange  Rirn  to  Shaft.... 

Kotor  Bearing  fitting  Tolerances.,,],. 

PviTiip  End  Housing  72  at  Jo. j . 


.3 


t o 9 m o i 


.08 


Zero 


> uo 


>e09r«C  *999990 


.03 


099  t *99*m9i>99t9  i OCOO< 


Fan  End  Housing  72  at  Jo, ^ , 

Shaft  Pump  End  30  at  K5 ].... 

Shaft  Fan  End.  30  at  K3. o . . , . . . . . q , . . 
Support  Flange  Face  to  Shaft,,,,,, 


099999999 

+ .013 

+ .011  +.002 


-.006 

-,C06 


Support  Flange  Rim  to  Shaito 
Mechanical  Seal  ComprecGion, 
Impeller  Laryrint}i  Di^i:Getero 


O C^ll 
Zero 
Zero 


+o002 

» • • o • * « 

.08 

**!c)8*’ 


1.2 

96.95 


1.5 

97.00 


Axial  Clearance  Between  Impeller 
anci  BacR  Plate 


Axial  Clearance  between  back  plate 
V/ear  Ring  and  Impeller,  


2o8 


3o2 


Concentricity  of  Outside  circ.of 
the  Impeller... 


Ic^ 

1.6 

Zero 

.08 

Zero 

Zez'o 

o o8 

Zero 

,c8 

95.50 

97o55 

Concentricity  of  Impeller  Wear  Ring.. 

i 

Concentricity  of  Volute  Rim. 

( 

I 

Concentricity  of  Volute  Labyz'inth.  . J 

I 
I 

Inside  Diarr;eter  of  V/ear  Ring® 

Impeller  Labyrinth  face  to  volute,.  J. •••••»•,  .V. ^ 

Impeller  Labyrinth  to  V/ear  Ring...,j... 

Impeller  to  Volute.. i. 

Impeller  to  Volute. 


SIGNED: 


O«0OOj.O4K».0ft»< 


O 0 


(INSPECTOR) 
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MOTOR  MODIFICATION 
C 155/9.5 


Modification  to  Motor  Bearing  Housing 


1.  Early  pumps  of  this  type  did  not  have  a captured  ”pump  end"  motor 
bearing. 


2.  Page  32  details  the  modification  to  captiire  the  "Pump  End"  motor 
bearing. 


(Retyped  9/29/72  sba) 
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Bulletin  Noo  25 

Pag®  of 

Reprinted  January  1968 


EXPERIMENTS  WITH  LIQUID  OXYGEN 


A member  of  the  Company  was  recently  fortunate  to  avoid  serious  injury 
while  experimenting  with  liquid  oxygen,.  The  experiment  consisted  of  immersing 
wooden  blocks  in  liquid  oxygen  and  then  subjecting  them  to  impact  tests. 

Recent  experiments  carried  out  by  Linde  in  Germany,  show  that  explosions 

always  be  initiated  when  an  impact  is  applied  to  wood  saturated  with 

oxygen „ 

This  Bulletin  will  remind  all  Company  personnel  that  experiments  of  any 
sort  involving  the  use  of  liquid  oxygen  may  only  be  conducted  with  the  express 
approval  of  the  Safety  Departmento  Experiments  involving  the  immersion  of 
inflammable  objects  in  liquid  oxygen  must  never  be  carried  outo 

It  should  be  noted  that  in  the  case  in  question,  a satisfactory  result  could 
have  been  obtained  using  liquid  nitrogen  rather  theui  liquid  oxygen. 


AIR  PRODUCTS  LIMITED 
Safety  Officer 
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Lack  of  Oxygen  Kills  Two  Workmen 


A recent  incident  resulted  in  the  death  of  two  workmen  who  were  working 
on  the  conversion  of  a I^x  storage  buildingo  They  entered  the  Lox  storage 
building  through  a vent/manhole  in  the  roof,  and  were  asphyxiated  by  a nitrogen 
enriched  atmosphere o 


In  the  operation  of  air  separation  plants  and  the  distribution  of  gases  and 
cryogenic  liquids,  personnel  should  be  aware  of  the  hazard  of  asphyxiation  due 
to  t^  venting  of  asphyxiants  such  as  nitrogen,  and  the  failure  of  adhering  to 
Safety  regulations^ 

The  following  Safety  precautions  should  be  followed  when  working  in 
areas  susceptible  to  the  venting  of  nitrogen. 

1.  Personnel  should  not  enter  an  area  suspected  of  having  a nitrogen 
enriched  atmosphere  until  the  atmosphere  has  been  checked  and  found 
to  have  a minimum  of  l8^  oxygen  or  until  personnel  are  equipped  with 
self  contained  breathing  apparatus o 

2.  ^yone  entering  a tank,  cold  box,  or  similar  ^closure  which  has  been 
in  operation  must  obtain  a Safety  Work  Permit.  Before  entering  the 
enclosure,  personnel  should  wear  a safety  belt  and  have  a manned  safety 
line  attached  to  the  belt.  A self  contained  breathing  apparatus  should 
be  on  hand  for  someone  to  assi.st  personnel  in  the  confined  area,  in  the 
event  of  an  emergency 

3»  All  valves  which  can  result  in  flow  to  a section  of  piping  which  is  being 
worked  on  should  be  closed  and  tagged  out. 

4.  When  nitrogen  in  limited  quantities,  is  vented  inside  a building, 
adequate  ventilation  should  be  provided. 

Venting  large  quantities  of  nitrogen  should  be  external  to  the 
building. 

5.  In  areas  where  heavy  venting  of  nitrogen  can  occur,  a sign  should 
be  posted  warning  - "Oxygen  Deficient  Area  May  Exist". 


REMEMBER.  LACK  OF  OXYGEN  KILLS. 


AIR  PRODUCTS  LIMITED 
Safety  Officer 
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SAFETY  DEPARTMENT  IHFORMATIOM  SHEET  MO.  19 


Hotes  for  Guidance  of  Customers  Having  Air  Products  Ltd«  Oiygen  EQuiri¥*nt. 

ty 

I.  Everson 

Chief  Safety  Engineer 


These  notes  are  intended  to  give  general  guidance  on  safety  matters  to 
customers  having  oxygen  eqtiipment  supplied  by  Air  Products  Limited.  The  lnfl^w 
hazards  are  briefly  described  together  with  necessary  firefighting  precautions. 

Liquid  oxygen  storage  tanlcs  together  with  their  associated  gaseous 
oxygen  piping  are  referred  to.  Safety  precautions  required  for  storing 
handling  oxygen  cylinders  and  when  using  oxy-acetylene  equipment  are  discTxssed. 

Hazards  associated  with  electrical  insulation,  chemical  cleaning, 
pressure  gauges,  valves  and  the  use  of  mercury  are  briefly  mentioned. 

In  any  case  of  doubt,  customers  are  strongly  advised  to  consult  their 
local  Air  Products  Limited  District  Engineer, 


1.  Introduction 


These  notes  are  intended  to  give  customers  gviidance  on  safety  matters 
associated  with  their  oxygen  equipment  supplied  by  Air  Products  Ltd.  Due  to 
the  wide  variety  of  oxygen  installations  these  notes  must  of  necessity  be 
brief,  covering  general  principles  only.  Customers  are  strongly  advised  to 
discuss  safety  aspects  with  their  local  Air  Products  Ltd.  District  Engineer, 
who  will,  if  necessary,  enlist  the  aid  of  the  Safety  Department  which  can 
give  lectures,  demonstrations  etc,  to  customers'  staff  at  all  levels  to 
illustrate  safety  features  in  greater  detail. 

Oxygen  equipment  as  supplied  is  carefully  designed  and  manufactured  in 
accordance  with  detailed  Air  Products  standards.  However,  experience  Viaa 
shown  that  problems  can  arise  after  prolonged  service,  when  due  to  staff 
changes  and  modifications  to  installations  for  example,  good  practise  may 
not  always  be  observed,  resulting  in  fires  and  explosions.  It  is  strongly 
recommended  that  any  modifications  or  changes  in  use  or  procedures  be 
discussed  with  your  District  Engineer. 

It  is  siiggested  that  at  regular  intervals,  perhaps  annually,  safety 
procedures  are  reviewed  in  conjunction  with  Air  Products  Ltd. 

2.  Main  Hazards 


2.1  Liquid  oxygen  in  presence  of  a fuel  (e.g.  oil,  wood,  asphalt,  paint, 
cork  etc,}  and  an  igniter  (e.g.  naked  light,  lighted  cigarette  or 
pipe,  heat  from  an  electrical  fault,  high  temperature  due  to  sudden 
compression  of  gas)  can  explode  violently. 
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2,2  Due  to  its  low  temperature  (-297^^)  liquid  oxygen  can  damage  body  tissTie 
by  causing  "cold  bums".  Immersion  in  COLD  water  is  the  only  recommended 
first  aid  measure.  This  should  be  followed  immediately  by  an  examination 
by  a Medical  Practitioner. 

2.5  Should  liquid  oxygen  come  into  contact  with  carbon  steely  the  latter 

*ill  event\ially  become  very  cold  and  brittle.  If  it  is  then  subjected 
to  impact  loading  it  will  suffer  "brittle  fracture"  and  shatter  into 
small  fragments.  If  it  is  suspected  that  ceirbon  steel  has  been  contacted 
by  liquid  oxygen  the  APL  District  Engineer  should  be  informed  so  that 
ho  can  inspect, 

2.4  Liquid  oxygen  can  also  embrittle  and  crack  electrical  insulation  with  the 
danger  of  exposing  live  wires. 

2.5  If  liquid  oxygen  is  allowed  to  drip  on  to  concrete  for  an  appreciable 
time  the  latter  can  crumble  to  a depth  of  several  inches.  While  this 
is  essentially  an  inconvenience,  the  presence  of  liquid  oxygen  is  a 
serious  hazard. 

2.6  Gaseous  oxygen  is  non-flammable  but  supports  combustion  vigorously 
once  the  correct  temperature  has  been  reached.  For  guidance  materials 
can  be  separated  into  four  groups  as  follows 


Highly 

Dangerovis 

Materials 

(a) Combvistible 
gases  (e.go 
Carbon  monoxide, 
hydrogen  ethylene. 

(b) Combustlble 
liquids  which 
vaporise  freely 
at  room  tempera- 
ture (e.g, 
petrol , paraff in, 
alchohol) 

c) Oils  and  greases 

d) Porous  combustible 
materials  which  can 
absorb  LOX. 


Easily 

Ignitable 

Materials 

(a)Wood 

ibJ Asphalt 
c) Paint 

d)cotton  waste 
(e)Cotton  clothing 
(f JPowdered  metal 
(g)Metallic  swarf 
(hJPowdered  carbon 
i)Cork 

j ) Trichlorethylene* 


Materials 
not  easily 
Ignited 

a) stainless  steel 

b) Carbon  steel 

c) Cast  iron  and 
steel 

d) Aluminium 

e) Zine 

(f)PTPE  or  Teflon 


Materials 
which  will  not 
normally  Ignite 

ia)Copper 
bi Brass 
cJBronze 
d)Nickel 
e)Honel  and 
other  non- 
ferroiis  alloys 
(f)Pure  asbestos 
(g)Oil  free 

silicate  based 
insulants  (e.g. 
f oamglass ) 


It  is  important  to  recall  that  oxywn  enriched  air  containing  more  than 
22$^  oxygen  (normal  atmospheric  air)  causes  more  rapid  burning.  Also 
increased  pressure  reduces  ignition  temperatxires  of  all  materials. 

2.7  LOX  leakage  will  tend  to  settle  at  low  levels  and  GOX  formed  will 
initially  be  cold  and  dense  so  that  dispersal  will  be  slower  than  for 
GOX  at  room  temperature, 

2.8  LOX  leakage  will  seep  into  and  through  porous  materials,  fissures  in 
soil,  cracks  in  concrete  and  through  drainage  ducts.  The  resulting 
GOX  thus  appear  considerable  distances  away  from  the  initial 
source  of  leakage. 


) 

♦However,  it  is  quite  safe  to  degrease  oxygen  equipment  with  trichlorethylene 
since  after  degreasing  operations  trichlorethylene  will  evaporate. 


2 #9  GrOX  cazinot  be  seen  or  smelled®  Potentially  hazardous  areas  must  be 
surveyed  using  special  oxygen  detectors  and  never  by  test  igniters p 
6og.  lighted  cigarettes® 

2ol0  In  an  oxygen  enriched  atmosphere  apparently  extinguished  pipes  or 

cigarettes  can  burst  into  flame  if  the  ash  contains  only  very  small 
hot  particleso 

2.11  Another  serious  hazard  with  oxygen  is  its  penetration  into  clothing. 

In  this  state  a small  particle  of  hot  ash  from  a pipe  or  cigarette  can 
ignite  clothing. 

2.12  GOX  must  never  be  '^^sed  for  the  following  or  similar  applications* 

2.12.1  starting  internal  combustion  engines 

2012.2  pressurising  oil  resevoirs 

2ol2o3  operating  pneumatic  tools 

2 o 12 . 4 paint  spraying 

2.12.5  tyre  filling 

2.12.6  pxirging  pipelines  (other  than  oxygen  service  lines). 

2.12.7  instead  of  air  in  self-contained  breathing  sets. 

2.12.8  for  clearing  fumes  in  a confined  space. 


5»1  All  actions  must  be  carefully  considered  and  carried  out  methodically. 
Hasty p ill  considered  action  can  create  serious  hazards. 

3»2  In  an  incident  involving  escape  of  oxygen  there  is  a possibility  that 

clothing  worn  by  personnel  nearby  will  become  contaminated  with  gaseous 
oxygen  thvB  exposing  these  personnel  to  fire  risk.  Consequently  such 
persons  must  not  approach  within  range  of  flames heat  or  any  sort  of 
smouldering  material o Such  persoxmel  must  not  of  coxarse  be  permitted 
to  smoke. 


303  Provided  no  undue  risk  is  involved  the  oxygen  source  should  be  isolated 
by  closing  appropriate  valves. 

304  Carry  out  previoxisly  established  FIRE  ALARM  procedure  pertaining  to  the 
affected  premises as  quickly  as  possible. 

3«5  Utilise  available  firefighting  eqviipment  to  extinguish  fire.  Water  is 
the  best  firefighting  medium  for  oxygen  fires.  Certain  chemical 
extinguishers  Cogo  methyl  bromide  mxist  not  be  used. 

3^6  Ensure  that  only  persons  engaged  in  firefighting  are  allowed  into  the 
danger  area. 


• Guidance  of  Air  Products  Limited 

It  is  impossible  to  give  comprehensive  guidance  concerning  all  hazards 
and  safety  precautions  in  this  note.  It  is  essential  to  discuss  such  matters 
with  your  local  District  Engineer  who  will  give  specific  guidance  on  each 
installation. 


Precautions  in  connection  with  Liquid  Oxygen  Storage  Tanks 


5.1 


5.2 


5.3 


5.4 


5.5 


5.6 


5.7 


5.8 


5.9 


5.10 


When  a new  liquid  oxygen  storage  tank  is  being  considered  its  location 
Inspect  to  adjoining  installations  and  featui*es  should  agree 
with  the  local  District  Engineer. 

All  operating  procedures  should  be  discussed,  agreed  with  the  District 
Engineer  and  be  available  as  written  instructions.  All  valves  should 
bo  numbered  and  copies  of  flowsheets  affixed  to  control  cabinets. 

In  general  all  liquid  oxygen  storage  tanks  should  be  fenced  and  surrounded 
by  a low  wall,  continuous  except  for  a small  break  positioned  to  allow 
liquid  oxygen  leakage  to  flow  to  a selected  area  harmlessly.  Continuous 
bund  walls  are  not  recommended. 

It  is  important  to  ensure  that  all  liquid  oxygen  tanks  are  inspected 
regularly  by  a representative  of  the  Indxistrial  Gas  Division  so  that 
necessary  remedial  work  can  be  noted  in  good  time. 

The  immediate  vicinity  should  be  kept  oil  free  and  as  clean  as  possible. 


Small  storage  tanks  are  insulated  by  perlite  filled  vacuum  jackets. 

It  is  important  to  check  the  pressure  in  the  insulating  jacket,  Vacioa 
between  50  and  200  microns  are  adequate.  Shoiild  the  pressure  b\iild  up 
beyxid  ?00  microns  the  vacuum  should  be  restored  by  means  of  a vacuum  pump. 
Shovad  the  insulating  vacuum  deteriorate,  increased  heat  gains  will 
occur  resulting  in  pressure  build  up  and  perhaps  appreciable  loss  of 
gaseous  oxygon  through  pressure  relief  valves,  A bursting  disc  is 
provided  as  a pressure  relief  device. 


Large  liquid  oxygen  storage  tanks  are  often  ins\ilated  with  an  annular 
gap  filled  with  perlite,  the  space  being  purged  with  nitrogen  at  about 
atmospheric  pressure.  Nitrogen  is  piped  to  a ring  main  around  the  tank 
and  then  admitted  to  the  annular  gap  through  several  connections  to 
6HSUT6  good  distribution® 

Special  care  should  be  exercised  in  deciding  the  runs  of  vent  pipes  which 
might  discharge  liquid  oxygen.  It  is  best  that  such  vents  shoiild  terminate 
at  low  level  to  discharge  into  metal  trays  so  as  not  to  injure  staff  or 
damage  the  concrete® 

Generally  liquid  oxygen  storage  tanks  are  doubly  skinned.  The  inner 
being  made  of  stainless  steel,  aluminium  or  ^ nickel  steel,  all  of  which 
are  safe  at  liquid  oxygen  temperatures  (-297®P).  The  outer  vessel  is 
normally  made  of  carbon  steel  which  is  prone  to  brittle  fracture.  It 
is  therefore  important  to  ensure  that  ciyogonic  liquids  are  not  allowed 
to  spray  on  to  the  outer  vessel  to  prevent  possibility  of  brittle  fracture. 

Piping  associated  directly  with  the  tank  and  installed  in  the  insulating 
space  is  normally  made  of  stainless  steel.  Piping  in  the  control 
cabinet  is  normally  made  of  copper  or  a copper  alloy  (Tungum)  as  is 
oxygen  piping  up  to  1-^"  diameter.  Normally  liqviid  oxygen  is  evaporated 
into  gaseous  oxygen.  Largo  bore  gaseous  oxygen  piping  is  usually  made 
of  carbon  steels  and  therefore  prone  to  brittle  fracture.  Consequently 


■5“ 


devices  are  provided  to  monitor  gaseous  oxygen  temperatures  and  should 
those  decrease  to  dangeroiisly  low  levels , the  liquid  oxygen  supply  t® 
the  gaseous  oxygen  vaporiser  is  instantly  cut  off. 

5»11  If  it  is  required  to  fill  dewars  from  the  main  liquid  oxygen  tank  a 
special  dewar  filling  device  is  necessary  which  should  be  discussed 
in  detail  with  your  local  District  Engineer*  Due  to  the  possible 
hazards  associated  with  liquid  oxygen,  only  experienced,  qualified 
persons  should  be  allowed  to  fill  liquid  oxygen  dewars. 

5.12  Liquid  oxygen  is  transformed  to  gaseous  oxygen  in  atmospheric 

vaporisers  backed  up  by  steam  or  electrically  heated  vaporisers. 

These  can  be  welded  ®r  bolted  into  the  piping  system* 

5.15  Bolted  joints  must  withstand  the  full  system  pressure  and  permit 

the  process  lines  to  be  broken  into  as  required.  Elingerite  gaskets 
are  recommended  for  flanged  joints.  The  type  of  Elingerite  used 
should  bo  approved  by  your  APL  District  Engineer.  Screwed  joints  are 
acceptable.  Thin  PTFE  tape  should  be  used  as  sealant  and  lubricant 
when  assembling  screwed  joints.  An  aqueous  PTFE  preparation  called 
"T-Pilm”  can  be  used  as  a sealing  agent. 

5*14  Ancillary  liquid  oxygen/ gaseous  oxygen  equipment  should  be  cleaned 
as  and  when  necessary  \ising  methylene  chloride  or  trichlerethylene* 

5*15  Piping  insulation  must  be  liquid  oxygen  compatible  e.g.  Foamglass. 

Care  must  be  taken  to  use  oxygen  compatible  adhesives  to  secure 
insulation  to  pipework.  To  prevent  ingress  of  rain  adversely  affecting 
out  of  doors  insulation,  completed  insulation  should  be  covered  as 
quickly  as  possible  with  over- lapping  sheets  of  thin  alvuninium. 

6*  Oxygen  Piping 

6.1  Liqxjdd  oxygen  will  be  transformed  into  gaseoua  oxygen  in  special 
air,  water  or  steam  heated  vaporisers  made  of  copper  or  aluminim. 

In  interest  of  economy  gaseous  oxygen  piping  is  normally  made  of 
carbon  steel  which  is  perfectly  satisfactory  provided  essential 
precautions  are  takeno  (See  5ol0)o  Hewever^j  for  pipe  diameters 
less  than  say  copper^  a copper  alley  (Tungum)  or  stainless 

steel  are  often  usedo 

6.2  However,  as  a safety  measure  in  case  gaseous  oxygen  piping  ignites 
it  is  customary  to  install  stainless  steel  sections  at  intervale 
which  will  prevent  fire  proceeding  further,  as  stainless  steel  is 
non-flammable o These  sections  are  referred  to  as  “firebreaks”.  Bends, 
elbows  and  reducers  are  made  of  stainless  steel  as  a fire  precaution. 

6.3  The  bores  of  gaseous  oxygen  pipes  must  be  kept  free  of  rust  and  clean. 
This  condition  cstn  be  readily  achieved  during  manufacture  but  to 
maintain  it  requires  freedom  from  leaks.  Gaseous  oxygen  pipes  must 

be  suitably  protected  from  mechanical  damage,  corrosion  etc.  and 
must  not  run  too  close  to  pipes  carrying  potentially  dangerous 
substances  e.g.  oil,  paraffin,  or  near  high  voltage  electrical  cables. 
Periodically  leak  tests  should  be  carried  out  to  verify  the  continued 
integrity  of  gaseous  oxygen  pipes. 
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6»4  When  a new  gaseous  oxygen  pipeline  is  being  cotiunissioned  it  is  vital 
to  install  removable  filters  for  remaining  weld  slag,  rust  etc. 
before  admitting  gaseous  oxygen.  Failure  to  do  this  can  result  in 
severe  fires. 

6.5  Operating  staff  must  open/close  gaseous  oxygen  valves  slowly  to 
avoid  sudden  large  temperature  rises  which  could  lead  to  dangerous 
conditions. 

6.6  Gaseous  oxygen  velocities  must  be  kept  within  safe  limits  as  specified 
by  your  District  Engineer. 

6.7  Welders  must  not  strike  arcs  on  gaseous  oxygen  pipes. 

6.8  It  is  strongly  recommended  that  above  ground  gaseous  oxygen  piping 
be  suitably  coloured  and  captioned  to  ensure  that  its  identity 

is  widely  known.  British  Standard  Specification  1710  recommends  that 
oxygen  pipes  be  painted  dark  grey  with  black  bands  at  regular  intervals. 

6.9  To  ensure  proper  attention  it  is  most  desirable  that  a responsible 
person  be  appointed  to  be  fully  responsible  for  every  gaseous  oxygen 
pipeline  and  system  to  vet  any  proposed  extensions.  No  unauthorised 
alterations  must  be  permitted  to  any  gaseous  oxygen  pipe.  Oxygen 
pipelines  should  not  be  too  near  pipelines  containing  combustible^ 
substances  and  buried  pipelines  can  suffer  accelerated  corrosion  if  too 
near  electrical  cables  unless  special  care  is  taken. 

6.10  All  instrumentation  must  be  oil  free  and  of  recommended  construction. 

6.11  All  take  off  points  aire  protected  by  non-return  valves  built  into  oxy- 
acetylene  torches  to  prevent  reverse  flow  of  oxygen  should  a fire  or 
explosion  occur  in  or  near  aui  oxy-acetylene  torch.  Pressure  reducing 
valves  also  give  some  protection  against  this  hazard. 

6.12  If  a valve  is  difficult  to  operate  due  to  apparent  stiffness  it  must 
not  be  forced  since  friction  can  generate  sufficiently  high  temperatures 
to  statrt  a fire.  Defective  valves  must  be  repaired  before  further  use 
is  attemptedo 

7*  Oxy«Acetylene  Equipment 

7*1  Oxy-acetylene  equipment  is  used  mainly  for  welding  and  flame  cutting* 

7*2  While  acetylene  is  normally  dissolved  in  acetone  at  pressures  up  to 
550  psig  when  milled  with  oxygen  its  pressure  must  be  reduced  in 
pressure  reducing  valve  to  not  more  than  9 psig  to  avoid  the  possibility 
of  spontaneous  (explosive)  decomposition*  This  is  a statutory  Home  Office 
requirement*  Acetylene  cylinders  must  be  kept  as  vertical  as  possible  for 
the  above  reason  and  also  to  prevent  escape  of  acetone  which  might  cause 
a fire* 

7*3  Gaseous  oxygen  pressure  is  reduced  from  its  normal  storage  pressure 

(2^500  psig  for  gaseous  oxygen  cylinders  and  about  250  psig  maximum  in 
li qui d oxygen  storage  tanks)  down  to  about  15  psig  before  being  mixed 
with  acetylene  at  the  welding/cutting  torch* 
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7*4 

7.5 

7^6 


7.7 


7.8 


8.  Oxygen  Cylinders 

8«1  Storage  of  Oxygen  Cylinders 

8ol*l  Preferably  store  under  cover  in  a detached  building  of  non- 
combustible construction® 

8olo2  Protect  against  frost  and  corrosion®  No  flames  or  smoking 
should  be  permitted  in  oxygen  cylinder  store® 

8ol®3  If  cylinders  are  stored  in  a building  used  for  some  other 
purpose  the  store  should  fulfill  three  conditions®  viz® 

(a)  be  built  of  non-combustible  materials s 

(b)  be  on  the  ground  floor  of  the  building,  against  an 
outside  wall  with  doors  leading  directly  outside® 

(c)  be  separated  from  the  building  by  walls  and  floor® 
fire  resistant  for  at  least  two  hoxirs® 

8ol«4  Nothing  else  should  be  housed  in  the  store® 

8o1®5  Good  natural  ventilation  is  most  desirable® 

8olo6  Cylinders  must  be  readily  accessible  and  easily  removed® 

8o1®7  Artificial  heat  should  not  be  provided® 

8olo8  If  possible  cylinders  should  be  stored  standing  vertically® 

If  they  are  stacked  horizontally®  stacks  should  not  be  more 
than  four  layers  deep  using  positive  stops  to  prevent  rolling® 


Cleanliness  is  important®  especially  freedom  from  oil® 

It  must  be  verified  that  pressure  reducing  and  non-return  valves  are 
fully  effective  and  clean  to  avoid  possibilities  of  explosion® 

Ensure  that  only  best  quality  gas  hoses  are  used  and  that  they  are 
never  interchanged®  Normally  this  is  no  problem  since  oxygen  union 
nuts  use  a right  hand  thread  while  acetylene  unions  use  left  hand  threads® 

If  an  oxy-acetylene  t^^rch  does  not  fraction  correctly®  completely  shut 
off  both  gas  supplies®  oxygen  first®  If  it  is  suggested  that  combustion 
is  taking  place  inside  the  torch  , immediately  close  the  gas  cylinder 
valves  and  allow  several  minutes  to  elapse  to  ensure  that  combustion 
has  ceased® 

Then  check  the  torch  gas  pressures®  adjust  pressure  regulator  settings 
if  necessary  and  finally  relight®  It  sometimes  happens  that  unnecessarily 
large  nozzles  are  used  resulting  in  the  torch  tip  being  overheated®  This 
gives  rise  to  a possibility  that  combustion  can  occur  inside  the  torch 
perhaps  resulting  in  a very  undesirable  blow  back®  It  is  recommended 
that  under  such  conditions  the  torch  tip  be  periodically  cooled  in  water® 

See  6(12)  regarding  stiff  valves®  This  is  particularly  relevant  since 
acetylene  is  readily  decomposed®  perhaps  explosively  above  125^. 
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8.1.9  Cylinders  should  not  be  exposed  to  any  external  heat  so\irce 
Bog.  hot  sunlight,  to  avoid  needless  overpressurisation, 

8.1.10  Full  and  empty  cylinders  should  be  separated  to  avoid 
confusion, 

8.1.11  When  cylinder  caps  or  guards  are  available  they  should  be 
used  primarily  to  protect  cylinder  valves  in  case  cylinders 
topple  over  or  are  struck  by  other  objects, 

8.2  Care  of  Oxygen  Cylinders 

8.2.1  Rough  handling  should  not  be  permitted.  For  example,  when 
unloading  from  a truck  do  not  allow  cylinders  to  drop  onto 
concrete.  Use  a ramp, 

8.2.2  Cylinders  should  be  kept  cool  and  away  from  flame  or  sparks, 

8.2.3  Valves  and  fittings  should  not  be  lubricated  or  be  contaminated 
by  oil  or  grease. 

8.2.4  Keep  away  from  acids  and  other  corrosive  substances. 

8.2.5  Keep  away  from  electrical  equipment, 

8.2.6  Cylinders  with  damaged  valves  or  threads  should  be  suitably 
labelled  and  returned  to  the  supplier, 

8.2.7  The  identifying  colour  (black)  should  not  be  obscured. 

8.2.8  After  use,  cylinders  should  contain  some  positive  pressure. 
Protection  caps  or  guards  should  be  replaced  and  cylinders 
labelled  EMPTY,  Keep  apart  from  full  cylinders, 

8.2.9  If  high  pressure  cylinders  are  to  be  connected  to  lower 
pressure  circuits  suitable  pressure  regulators  must  be  used, 

8.2.10  All  persons  handling  oxygen  cylinders  should  be  free  of  all 
traces  of  grease  or  oil.  Otherwise  they  run  a risk  of  being 
severely  burned, 

8.2.11  Grit  and  dust  must  be  rigorously  excluded  from  valves  and 
fittings  as  these  could  result  in  fittings  not  mating 
properly  causing  oxygen  leakage  and  danger  of  fire  if  they 
get  into  oxygen  pipelines. 

8.2.12  All  cylinders  being  transported  should  be  secured  to  the 
vehicle  to  minimise  movement. 


9,  Miscellaneous 

9,1  Electrical  Insulation 

It  is  not  desirable  that  PVC  or  other  plastic  insulated  electrical 
wiring  should  not  be  located  in  regions  where  they  can  be  sprayed  by 
liquid  oxygen  as  the  insulation  may  freeze  and  crack  permitting  short 
circuits  to  occur,  with  the  attendant  fire  risk. 
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9»2  Cleaning 

Components  for  oxygen  service  must  be  clean.  Several  firms 
specialise  in  this  field  and  their  advice  should  be  sought.  So 
far  as  degreasing  is  concerned,  trichlorethylene  and  methylene 
chloride  are  acceptable.  A simple  check  on  cleanliness  is  to 
vd.pe  the  area  of  interest  with  a piece  of  clean  white  lint-free 
absorbent  fabric  moistened  with  solvent  when  the  cloth  should  not 
be  darkened.  A very  rigorous  check  involves  the  use  of  ultra-  i 

violet  light  (blacklight)  when  hydrocarbon  deposits  will  fluoresce.  I 
Cleaning  of  components  should  be  done  in  a clean,  dry,  well 
ventilated  area. 

9.3  Pressure  Gauges 

These  should  be  of  one  piece,  solid  front  construction,  have 
plastic  or  laminated  safety  glass  fronts,  blow  out  backs  built-in 
restrictions  to  minimise  escape  of  oxygen  in  case  the  gauge  fails 
and  be  mounted  well  above  head  height  to  protect  personnel  in  case 
of  failure. 

9.4  Valves 

These  must  be  made  of  oxygen  compatible  materials.  Rubber 
neoprene  PVC  etc.  and  any  lubricant  except  molybdenum  disulphide 
must  be  rigorously  excluded  from  shut  off  valves. 

In  pressure  reducing  valves,  nylon  and  PTFE  components  may 
be  employed  in  the  first  (high  pressure)  pressure  reduction  stage 
while  in  the  second  (low  pressure)  stage,  neoprene  coated  components 
are  acceptable. 

n 

9«5  Mercury  Contamination  . . . 

Mercury  must  be  rigorously  excluded  from  all  oxygen  containing 
equipment  made  of  aluminium  since  severe  and  rapid  corrosion  can 
occur.  In  such  situations  mercury  thermometers  and  mercury  containing 
manometers  must  not  be  used. 
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1 .  Introduction 

Relevant  research  has  been  carried  out  at  the  R.A.F,  Institute  of 
Aviation  Medicine,  Farnborough,  by  Cresswell,  Dennison  and  Ernsting. 

The  following  reports  have  been  issued  describing  the  work: 

1.  The  Fire  Risks  to  Man  in  Compressed  Air  Environments  - FPRC  1249. 

2.  The  Fire  Risks  to  Man  of  Oxygen  Rich  Gas  Environments  - FPRC/memo  223. 

5»  An  Assessment  of  the  Fire  Risks  of  the  Oxygen  Environment 
Experiments  - FPRC/memo  21?. 

These  experimental  studies  in  oxygen-enriched  atmospheres  are  specially 
relevant  to  hyperbaric  oxygen  therapy  carried  out  in  special  small 
containers  in  which  patients  are  completely  contained,  edrcraft  and  space 
craft  breathing  equipment . 

Its  relevance  to  A.P.L.  stems  mainly  from  the  information  given  concerning 
combustion  of  constructional  materials  in  oxygen  rich  atmospheres  and 
fire  damage  to  clothing,  human  hair  and  skin.  This  emphasises  the  need 
for  persons  working  in  oxygen  rich  environments  to  exercise  care  and 
to  follow  established  safe  procedures. 

2»  Svumnary  of  Experiments  Ceu’ried  out 

2.1  Simulation  of  Effects  of  Fire  in  Oxygen  Rich  Environments  upon 
Clothing  Materials  and  Human  Tissue 

In  these  experiments,  specimens  of  various  materials  were 
electrically  ignited  and  also  pieces  of  pig  corpse  were  dressed 
in  various  materials  into  which  were  sewn  electrical  ignition  colls. 
These  experiments  were  carried  out  under  closely  controlled 
conditions. 

2.2  Flammability  of  Constructional  Materials  in  Oxygen  Rich  Environments 

Samples  of  a wide  range  of  constructional  materlaJ.8  were  subjected 
to  atmospheres  containing  various  oxygen  concentrations  and 
ignited  electrically  and  their  subsequent  behaviour  ceirefully 
observed. 

3.  Summary  of  Experimental  Results 

3.1  Characteristics  of  Combustion  in  Oxygen  Rich  Environments 

Compared  with  ignition  in  air,  in  an  oxygen  environment  ignitability 
increases  lOCXDfold,  and  bvurning  rate  3Told.  Most  conventional 
fire-proofing  agents  are  ineffective.  Smothering  as  a means  of 
extinction  is  also  ineffective.  From  the  experiments  on  dressed 
pig  corpse  in  an  oxygen  environment,  when  ignition  occurred  the 
following  characteristics  were  observed  - 
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5.  3»1  (contd) 

(a)  Immediately  upon  ignition  a ^ cm  deep  flame  front  flashed 
over  the  entire  surface  of  the  overall  leaving  it  virtually 
unscathed  but  flaming  at  all  edges  and  at  many  points  on 
its  surface. 

(b)  For  the  next  two  seconds  the  separate  fires  remained  small, 
then  over  the  next  two  seconds  they  rapidly  enlarged  and 
coalesced  into  a 6 foot  column  of  fire. 

(c)  This  fire  persisted  for  about  30  seconds  after  operation 
of  the  sprinkler  system. 

(d)  The  clothing  and  skin  were  almost  completely  destroyed. 

Most  of  the  human  body  is  covered  by  hair  comparable  to  nap 
on  denim  and  one  would  expect  "flashover"  to  occur  on  man  as 
well,  probably  igniting  the  body,  facial  and  scalp  hair  as  it 
passed,  but  not  setting  fire  to  flesh. 

3„2  Clothing 

Untreated  glass  fibre  and  asbestos  are  the  only  non-flammable  materials 
in  100%  oxygen.  Neither  is  a practicable  material  for  clothing. 

All  commercially  available  glass  fibre  and  asbestos  (which  is  known 
to  contain  some  cotton)  is  suspect  until  tested  in  oxygen. 

Fluorocarbon  polymers  such  as  Teflon  or  PTFE  are  almost  non-flammable 
and  have  been  used  as  binders.  No  combination  suitable  for  clothing 
•is  available  at  present.  Conventional  non-inflammable  materials 
are  'ommon  natural  or  man-made  fibres  coated  with  a fire-retardant  o 
However,  they  burn  vigorously  in  atmospheres  containing  more  than 
30  to  40%  oxygen  but  extinguish  themselves  rapidly  in  air . Nylon 
melts  when  heated,  forming  adherent  hot  masses  producing  severe  local 
burns.  ’’Proban"  treated  poplin  or  wool  8ire  believed  to  be  the  best 
available  materials  for  clothing  at  the  present  time.  Although  they 
will  flame  In  oxygen  enriched  atmospheres,  they  will  extinguish 
themselves  in  a few  seconds  when  subjected  to  air . It  is  proposed 
that  pocketless  one  piece  overalls  with  short  sleeves  and  three- 
quarter  length  trousers  reduce  the  risk  of  accidental  ignitiono 
Canvas  shoes  with  conducting  rubber  soles  are  also  recommended. 

3o3  Rubber  deals 


Natural  rubbers,  nitryl  rubber  and  foam  neoprene  burn  modestly  in 
air  and  vigorously  in  oxygen.  Compact  neoprene  and  silicone 
rubbers  burn  with  difficulty  in  air  and  with  ease  in  oxygen.  A 
fluorocarbon  synthetic  rubber,  Viton,  will  not  burn  in  air  and  will 
only  incandesce  or  burn  feebly  in  oxygen.  Viton  costs  about  3 times 
neoprene,  is  reasonably  compressible  but  difficult  to  extrude. 

It  may  be  a practicable  material  for  seals.  It  has  been  suggested 
that  the  use  of  a heat  reflective  plastic  spray,  e.g.  Teflon,  on 
rubber  may  be  valuable. 

5,4  Paints  and  Metal  Surface  Protection 

Conventional  and  epoxy  resin  (fire-resista./t)  paints  are  both 
inflammable  in  100%  oxygen.  Available  fireproof  paints  when 
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3o  3»^  (contd) 

allowed  to  dry  on  asbestos  or  glass  fibre  wicks  will  burn  in  air  and 
oxygen o If  allowed  to  dry  on  thick  steel  sheet  they  will  not 
burn  in  either  air  and  oxygen  presumably  due  to  the  cooling  effect 
of  the  steel  plate.  It  is  good  practice  to  protect  e3Q)osed  steel 
with  a non-inflammable  coat,  e«g.  zinc  spray,  phosphate  coating  or 
fire  retardant  paint  o 

5»5  Electrical  Wiring 

Mica-insulated  copper  will  not  burn  in  oxygen.  P.V.C.  insulated 
wiring  is  readily  combustible  in  oxygen.  Commercially  available 
asbestos,  glass  fibre  and  silicone  rubber  insulation  will  burn  in 
oxygen.  If  the  P.V.C , covering  is  removed  from  a common  screened 
csble,  the  metal  screen  will  act  as  a flame  barrier.  However,  the 
PoV.C.  insulation  of  the  internal  cores  eventually  melts  and  exudes 
to  the  outer  surface  and  then  flames  feebly.  This  can  be  overcome 
by  sheathing  the  metal  screen  with  ceramic  fish  spine  beads.  This 
combination  is  flexible  and  relatively  fireproof. 

3*6  Lubricants 

Most  common  lubricants  burn  in  air  and  oxygen.  PTFE  and  Teflon 
are  almost  non-inflammable  in  oxygen.  Dry  molybdenum  disulphide 
powder  will  not  burn  in  air  but  will  incandesce,  but  does  not  flame 
in  oxygen.  Tricresylphosphate  is  rapidly  self-extinguishing  in 
air  but  is  known  to  burn  moderately  in  oxygen. 

Tricresylphosphate  is  accepted  as  a lubricant  for  work  in  oxygen 
and  is  used  in  vacuum  pumps. 

3*7  Flammability  Tests 

A wide  range  of  materials  were  checked  for  flammability  in  oxygen. 

All  the  materials  tested,  with  the  exception  of  Zeolite  (used  in 
molecular  sieves)  untreated  asbestos  and  glass  fibre  sire  all 
combustible.  Teflon,  PTFE,  Viton  and  molybdenum  disulphide  sure 
acceptable  for  most  applications.  Commercial  asbestos  and  glass 
fibre,  silicone  rubbers,  lubricants,  fireproof  wiring,  insulating 
materials,  fire  retarding  paints,  rainproof  clothing  and  normal 
clothing  materials  are  all  inflammable  in  oxygen.  Fish  spine 
(ceramic)  beading  is  an  effective  flame  barrier  for  P.V.C.  insulated 
wiring,  P.VoC.  and  rubber  tubing.  Chsu’coal  will  not  burn  in  air  but 
incandesces  visibly  in  oxygen. 

4.  Conclusions 


In  air  at  1 atmosphere,  material  slowly  smouldered  but  did  not  burn 
and  the  pig  skin  showed  no  detectable  singeing.  At  2 to  5 atmospheres 
the  material  ignited  with  increasing  ease  and  burnt  more  vigorously. 

The  areas  of  burnt  clothing  and  skin  increased  with  the  total  pressure. 
Fire  risks  to  man  in  compressed  air  environments  are  greater  than  in 
air  at  1 atmosphere  but  less  than  in  oxygen  at  1 atmosphere. 
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4„2  Compared  with  air  there  is  a greatly  increased  fire  hazard  to  man 
in  oxygen  enriched  gas  environments*  This  arises  from  the  greatly 
increased  ignitability  and  burning  rates  of  materials  in  these 
circumstances.  These  tendencies  are  particularly  aggravated  by 
the  presence  of  "nap"  or  body  hair  which  explosively  propagates 
the  fire  across  the  surfaces  of  clothing*  In  experiments  carried 
out  at  total  pressures  not  exceeding  1 atmosphere,  there  was  a 
dramatic  increase  in  fire  hazard  due  to  flash  burning  when  the 
partial  pressure  of  oxygen  exceeded  0*4  to  0*5  atmospheres. 

4o5  In  oxygen  at  1 atmosphere  the  material  ignited  almost  instantaneously 
and  the  flash  fire  propagated  quickly  over  the  surfaces  of  the 
clothing  and  the  pig  skin  leading  to  a very  vigorous  fire. 

4«4  Skin  is  inflammable  in  100?^  oxygen* 

4o5  Fires  in  oxygen  rich  environments  are  of  a fundamentally  different 
character  to  those  in  air. 

Igniting  a clothed  man  in  these  environments  may  lead  to  fatal  damage 
within  5 to  20  seconds  from  onset  of  fire* 

A dense  local  water  spray  may  control  this  fire,  but  a manually 
operated  system  could  not  hope  to  arrest  it  in  the  few  seconds 
available* 

Damage  to  the  man  is  critically  dependent  upon  the  type,  fit  and 
proofing  of  his  clothing  and  upon  the  timing,  density  and  distribution 
of  the  extinguishing  water  sprays* 

4*6  Sudden  pressure  surges  in  oxygen  axe  dangerous  in  that  large  temperature 
rises  can  be  created,  perhaps  leading  to  ignition* 

4*7  The  spark  energies  required  to  ignite  common  clothing  materials  in  an 
oxygen  environment  correspond  to  those  of  electrostatic  sparks  from 
the  human  frame* 

Spark  energy  of  a few  milliwatts  is  sufficient  to  ignite  some 
materials  in  100?^  oxygen. 

4*8  Mechanical  sparking  can  be  prevented  by  coating  adjoining  surfaces 

which  come  into  contact  with  each  other  with  Teflon,  PTFE  or  phosphor- 
bronze  and’ lubricating  hinges  with  Teflon,  PTFE,  tricresylphosphate 
or  molybdenum  disulphide  * Aluminium  and  its  alloys  and  steels  should 
be  separated  or  failing  that  there  should  only  be  rigid  contact  between 
these  substances o 

4*9  Of  available  fire  detectors  a thermistor  device  appears  to  be  the 

most  suitable*  This  depends  upon  a large  change  of  resistance  should 
the  temperature  increase  due  to  a nearby  fire* 
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4o  (contd) 

4.10  Apart  from  Zeolite,  untreated  asbestos  and  glass  fibre  all  materials 
tested  vd.ll  burn  to  varying  degrees  in  oxygen  rich  environments. 

Recommendations  for  minimising  fire  risk  and  consequent  damage  to  persons 

liable  to  prolonged  exposure  to  Oxygen  rich  environments 

5.1  irfeai  tight  fitting,  jingle  layered  garments,  of  light  v/eight  open 
meshed  material,  fireproofed  v/ith  lO^o  pick  up  of  boraj^^oric  acid. 

5»2  The  extinguisher  system  should  provide  vfater  sprays  of  at  least 

5 cc/min./cm  over  the  entire  body  vdthin  2 seconds  of  operation. 

5. 3 An  open  ended  hose  should  be  provided  to  douse  au'eas  shaded  from 
the  general  vfater  spray  e.g.  crutch,  eirm  pits. 
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HAZARD  LEVEL  OF  HYDROCARBON  FILMS  IN  OXYGEN  SYSTEMS 


The  most  rigorous  cleaning  can  reduce  hydrocarbon  contamination  down  to 
4 mg/fto^  (milligrams  per  square  foot)*.  This  is  both  time  consuming  and 
expensive e Tests  were  conducted  to  ascertain  if  such  rigorous  cleaning  was 
necessary o 


AoP^CoIo  carried  out  these  experiments  using  n-hexadecane  deposited 
uniformly  in  the  test  equipment  by  dissolving  the  hydrocarbon  in  carbon 
tetrachloride  which  was  then  evaporated  while  rotating  the  test  section  made 
of  stainless  steel  pipeo 

Tests  were  conducted  at  hydrocsirbon  concentrations  carrying  between  28 
and  6500  mg/ft  at  varying  oxygen  pressiires  using  electrical  ignition » 

At  100  mg/ft no  oil  is  visible  and  no  smear  can  be  detected  when  the 
surface  is  rubbed  with  a finger  and  the  area  inspected  under  a bright  white 
light  o At  250  mg/ft the  surface  has  a slight  oily  appeeirance  but  no 
smearing  is  discernible  after  testing  as  above o At  5OO  mg/ft%2  the  oil  has 
a definite  flow  characteristic  and  a slight  smear  can  be  detected*  At  1000 
mg/ft o smearing  is  considerable  and  at  2500  mg/ft the  oil  cem.  be  pushed 
with  a finger. 

No  reaction  occurred  at  1000  mg/ft and  200  p.s.i.g.  oxygen 
pressure  apart  from  a burn  spot  at  the  point  of  ignition. 

At  1050  mg/ftf>^  and  15OO  poSoiogo  reaction  occurred. 

At  6500  mg/ft and  50  poSoiog.  detonation  occurred© 

The  ignition  tests  indicated  that  concentrations  up  to  1000  mg/ft©^ 
would  be  acceptable. 

However  as  noted  previously^  surface  films  of  5OO  mg/ft and  greater 
began  to  show  definite  flow  characteristics©  These  film  concentrations 
would  tend  to  flow  to  and  concentrate  in  low  portions  of  a system  and 
increase  the  hazard  of  ignition  locally.  This  would  be  intolerable  in  any 
process  equipment©  Alsc^  in  a cold  system^  the  film  tended  to  freeze  and 
flake  off  at  concentrations  above  500  mg/ft e^©  With  a hydrocarbon  such  as 
n-hexadec6ine^  which  is  lighter  than  liquid  oxygen^,  these  flakes  float  and 
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concentrate  on  the  surfaces  These  two  phenomena,  the  flow  characteristics 
auid  the  freezing  and  flaking  in  a cold  system,  require  the  reduction  of  a 
meudmum  safe  concentration  to  something  less  than  500  mg/ft®2o 

10,  For  hydrocarbons  with  the  same  characteristics  as  n-hexadecane,  W,Lo 
Ball  suggests  that  if  contamination  is  assumed  to  be  uniform  then  the 
maximum  permissible  value  of  the  average  concentration  should  be  limited 
to  100  mg/ft ioe,  maximum  concentration  = 5 * average  concentration. 
This  factor  of  5 is  of  necessity  arbitrary  but  should  be  accepted  in  the 
absence  of  other  evidence, 

11,  At  present  the  effectiveness  of  A«P,L,  cleaning  procedures  in  terms 
of  mg/ft, ^ hydrocarbon  contamination  is  not  known,  QoC,D,  (Acrefair)  is 
investigating  this  matter  further, 

12,  This  document  should  be  read  in  conjunction  with  Safety  Department* 
Information  Sheet  No,  42, 


I,  Everson 

Chief  Safety  Engineer 


8th  April  V)7l 
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SUMMARY 


An  exploratory  experimental  program  has  been  carried  out  in  the  Allentown 
laboratories  between  February  and  May  1970  in  order  to  observe  and  measure 
the  burning  rates  of  several  metals.  The  test  runs  did  not  involve  any  equip- 
ment for  measuring  temperature,  heat  inputs  or  heat  evolved.  The  observations 
made  for  the  most  part  were  qualitative  but  there  were  some  combustion  rates 
measured  in  two  of  the  experimental  apparatuses. 

There  were  five  basic  set-ups  used  in  this  experimental  nrogram  (Figures 
1 to  5)>  four  involving  gasecuo  oxygen  at  atmospheric  pressures  and  one 
using  LOX  at  atmospheric  pressure.  Experimental  results  for  two  of  the 
set-ups,  Figtires  2:  and  Bxe  recorded  on  l6mm  rnovies*  Typical  runs  for 
mild  steel,  stainless  steel,  and  a.luminum  were  filmed,^ 

There  were  two  ignition  methods  used.  Initially  an  oxyacetylene  torch  was 
used  to  heat  the  sample  to  ignition  or  melting  whichever  the  case  might 
be.  Later  an  ignition  "pill”  made  of  compressed  steel  wool,  stainless  steel 
wool,  or  aluminum  wool  was  used.  This  pill  vas  ignited  by  meains  of 
a 6 volt  battery  and  two  electrodes.  The  second  method  was  the  better  of 
the  two  since  the  oxygen  atmosphere  around  the  sample  vas  not  disturbed  as 
niuch  as  in  the  case  of  the  torch,  which  emits  a high  velocity  flame. 

Table  I lists  the  inetals  with  their  compositions,  which  were  tested.  All 
metals  were  tested  in  every  set-up  except  Apparatus  No,  3*  Mild  steel  and 
stainless  steel  were  rvin  in  tais  set-up. 

In  addition  to  the  experimentation,  a literature  survey  was  conducted  on  the 
combustion  of  metal.s,  Ihe  Appendix  contains  a list  of  pertinent  reports  along 
with  abstracts.  Some  of  the  more  import.ant  articles  are  the  eight  papers  by 
Dr,  L,  Kirschfeld,  who  has  done  extensive  work  in  the  field  of  combustion  of 
metals, 

CONCLUSIONS 


For  the  most  part,  metals  will  react  with  oxygen  if  exposed  to  the  right 
conditions.  The  degree  with  which  a specific  metal  reacts  depends  on  a 
number  of  variables.  Pressure,  temperature .j  phase  of  oxygen  and  oxygen 
concentration  are  among  the  most  ir.portanu  ones.  It  appeared  that  the  metals 
tested  reacted  faster  and  to  a greater  degree  in  liquid  than  in  gaseous 
oxygen.  The  reason  for  this  is  not  clear  but  two  possible  answers  are: 
higher  oxygen  concentrations  or  better  contacting  of  oxygen  in  the  reaction 
zone.  Combustion  rates  increase  as  the  flow  rate  of  oxygen  increases,  at 
least  in  the  case  of  mild  steel  as  shown  in  figure  6, 

The  data  taken  during  these  series  of  tests  agree  in  a qualitative  way  with 
those  of  other  researchers  in  tne  field  of  combustion  of  metals  {^,5*657) • 

In  general  most  agree  that  mild  steel  is  the  easiest  to  ignite  and  bums 
readily  in  oxygen.  Nickel  and  its  alloys  appear  at  the  other  end  of  the 
scale;  being  the  most  resistive  to  burning  in  oxygen  regardless  of  conditions. 
Aluminum  lies  somewhere  in  the  middle,  being  a very  reactive  metal  in  oxygen 
after  ignition,  but  its  low  melting  point  and  high  ignition  temperature  make 
it  one  of  the  hardest  metal  to  ignite  and  keep  burning.  The  list  of  metals 
which  were  tested,  is  arranged,  in  Table  II,  in  order  of  decreasing  resistance 
to  ignition  and  burning  in  oxygen  atmospheres. 
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TABLE  I 

Compositions  of  Metals  Tested 
Composition 


Stainless 

Steel 

C (Max) 
$ 

Mg  (Max) 
$ 

Si  (Max) 
$ 

Cr 

_$ 

Ni 

Jl 

Others 

$ 

309 

0.2 

2.00 

1.00 

22-24 

12-15 

— 

316 

0.1 

2.00 

1.00 

16-18 

10-14 

Mo 

2-3 

316  L 

0.03 

2.00 

1.00 

16-18 

10-14 

Mo 

1.75-2.5 

4l0 

0.15 

1.00 

1.00 

11.5-13. 

5 

— 

17-4  Ph 

0.04 

— 

— 

16.5 

3. 5-4.0 

Cu 

3. 4-4.0 

CcmnnercisLl 

Leaded  Bronze:  89$  Cu,  1.75$  Pb,  9.25$ 

Zn 

Monel  400: 

66.5$  Ni, 

0.12$  C,  1.0$  Mn, 

1.35$  Fe,  0 

.15$  Si, 

31.5$  Cu 

Inconel  600:  76.0S5  Ni , O.OU^  C,  0.2$  Mn,  7.2$  Fe,  0.20$  Si,  0.10$  Cu,  15.8$  Cr 

Nickel  200:  99.5$  Ni , 0.06$  C,  0.25$  Mn,  0.15$  Fe,  0.05$  Si,  0.05$  Cu 
Hastelloy  B:  65$  Ni,  0.1$  C,  0.5$  Mn,  6$  Fe,  0.5$  Si,  28$  Mo 

Aluminum  5357:  1.0$  Mg,  0.25$  Mn,  98.75$  A1 

CarLon  Steel  1010:  0.08-0.13$  C,  0.30-0.60$  Mn,  0.0k0$  P,  0.050$  S,  Balance  Fe 

Molybdenum  Steel  UlUO:  0.33-0.43$  C,  0.75-1.0$  Mn,  0.040$  P,  0.040$  S, 

0.2-0.33$  Si,  0.8-1.10$  Cr,  0.15-0.25$  Mo,  Balance  Fe 
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TABLE  II 

Metals  Tested  Arranged  in  Order  of  Decreasing  Resistance 
to  Ignition  and  Btiming 


Nickel  200 
CommercisG.  bronze 
Inconel  600 
Monel  UOO 
Keistelloy  B 
Alumimim 

Stainless  steel 
Mild  steel 


- only  melted 

- only  melted 

- very  little  reaction 

- very  little  reaction 

- very  slow  reaction  rate 

- hard  to  ignite  but  very  reactive 
after  ignition 

- self-sustaining  reaction  in  some  runs 

- very  easy  to  ignite — complete 
combustion  of  sample 
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RESULTS 


Veuriations  in  burning  characteristics  of  metals  were  determined  in  each 
of  the  tests  in  the  five  experimental  set-ups.  These  characteristics  are 
classified  into  five  catagories. 

1.  MetEils  for  which  self-sustaining  burning  was  sufficient  to  allow 

a combustion  rate  to  be  measured.  In  addition  these  metals  burned 
luitil  oxygen  was  removed  (\/). 

2.  Metals  which  burned  in  a long  enough  self-sustaining  manner,  that 

a rate  of  combustion  was  measured,  but  differed  from  number  1 in 

that  they  were  eventually  self-extinguishing  in  nature  (>/+). 

3.  Metals  which  burned  or  reacted  in  a manner  which  did  not  allow  the 
determination  of  a rate  of  combustion.  For  example,  stainless  would 
melt  off  the  sample  rod  and  react  with  the  oxygen  in  the  molten 
form  at  the  base  of  the  experimental  equipment  (v*). 

U.  Meted.s  which  reacted  only  when  outside  heat  was  supplied  (S.R.). 

5.  Metals  which  did  not  react;  the  test  sample  only  melted  (N.R.). 

Table  III  has  a listing  of  all  the  metals  tested  and  the  testing  apparatuses. 
In  tiddition,  the  metals  are  classified  into  the  above  mentioned  categories, 
and  some  typical  burning  rates  are  mentioned. 

With  regard  to  the  resistance  of  metals  in  reacting  with  oxygen,  nickel  and 
its  alloys  are  probably  the  most  resistive,  while  steel,  stainless  steel,  and 
aluminum  are  the  least  resistive  of  the  metals  tested.  Aluminxim,  although 
reacting  most  violently  with  oxygen,  was  very  hard  to  ignite.  This  is 
a factor  in  its  favor  for  its  use  in  some  oxygen  atmosphere  applications. 

EXPERIMENTATION  AND  DISCUSSION  OF  RESULTS 


Apparatus  No.  1 (Fig\n:e  l) 

In  this  equipment  although  very  simple,  three  types  of  reactions  could  be 
distinguished  (see  Table  III).  Mild  steel  is  the  easiest  of  the  metals  to 
ignite.  Once  heated  to  glowing  red  and  lowered  into  the  beaker  containing 
oxygen  it  would  continue  to  burn  as  long  as  there  was  oxygen  available.  The 
reason  being,  mild  steel  ignites  and  burns  in  oxygen  at,  or  just  below  its 
melting  point,  causing  the  reaction  to  remain  on  the  rod.  Stainless  steel  on 
the  other  hand,  reacts  with  oxygen  at,  or  Just  above  its  melting  point,  there- 
fore, it  was  very  difficult  to  sustain  a reaction  on  the  rod  for  a long  period 
of  time.  Stainless  steel  because  it  reacts  with  oxygen  at  a higher  temperatinre 
and  in  a different  phase  than  mild  steel,  was  very  sensitive  to  positioning. 
Combustion  rates  for  stainless  steel  were  obtained  when  the  stainless  steel 
rod  was  burning  horizontally  and  vertically  from  bottom  to  top.  Alumimam,  like 
stainless  steel  ignites  above  its  melting  point  (5).  It  is  estimated  in  the 
literature  that  its  ignition  temperature  in  oxygen  is  aroimd  3700°F  (5,6). 

Since  alvuninum's  melting  point  is  about  1220°F  there  was  very  little  chance  of 
getting  the  test  piece  hot  enough  to  cause  ignition  in  this  type  of  equipment. 
Nickel  and  its  alloys  are  other  meteds  which  ignite  above  their  melting  point, 
so  ignition  of  these  metals  was  again  not  achieved.  Low  oxygen  concentration. 
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TABLE  III 

Metals  Tested  Classified  into  Degrees  with  which  they  Reacted 
with  Oxygen  in  Each  Apparatus 


MetcLL  Apparatus 


1 

2 

3 

4 

1 

Mild  Steel  Data  on 

1/16",  1/8"  & 1/16"  rod 

1/4"  rod 

/ 

.3  in/sec  (up) 

.5  in/sec  (down) 

/» 

No  Data 

/» 

/ 

.435  in/sec 

Alumimim 
1/16"  rod 

N.R. 

/+ 

10  in/sec  (up) 
approximate 

/» 

A 

309  Stainless  Steel 
l/l6"  rod 

/* 

/ 

.171  in/sec 
(down) 

/* 

/ 

.38  in/sec 

316  Stainless  Steel 
l/l6"  rod 

/* 

1 

/+ 

.08  in/sec 
(up) 

! 

/ 

.3  in/sec 

316  L Stainless  Steel 
3/32"  rod 

/+ 

.07  in/sec 
(up) 

/« 

S.R. 

4l0  Stainless  Steel 
l/l6"  rod 

/+ 

.052  in/ sec 
(up) 

/• 

A 

.24  in/sec 

17-4  Ph  Stainless  Steel 
l/l6"  rod 

U 

.12  in/sec 
(up; 

A 

/ 

.3  in/sec 

4l40  Steel 
3/16"  rod 

A 

/ 

.013  in/sec 
(up) 

A 

/ 

.06  in/sec 

Nickel  200  I/I6"  & 1/8"  Rod 

N.R. 

N.R. 

N.R. 

N.R. 

N.R. 

Monel  400 
1/16"  rod 

S.R.  ■ 

S.R. -9  sec 
of  glowing 

N.R. 

S.R.  - 4 
sec  of 
glowing 

Inconel  600  I/16"  & 1/8"  Rod 

S.R. 

N.R. 

N.R. 

S.R. -4  sec 
of  glowing 

Commercial  Bronze 
1/16"  rod 

N.R. 

N.R. 

— 

N.R. 

N.R. 

Hastelloy  B 
5/64"  rod 

S.R. 

/ 

.06  in/sec 
(up) 

S.R. 

/ 

.08  in/sec 

liote:  See  Results  on  page  k for  explanation  of  symbols 
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(aroiind  80/O  and  poor  oxygen  distribution,  are  two  conditions  inherent  in  this 
open  system  and  were  eliminated  in  later  equipment. 

Apparatus  No,  2 (Figure  2) 

In  this  experiment  the  effect  of  oxygen  velocity  on  burning  was  studied 

(Figure  2).  Initially  oxygen  was  passed  through  the  glass  tube  for  one  to 

three  minutes,  depending  on  the  flow  being  used,  to  insure  an  oxygen  concen- 
tration of  95^*  The  concentration  of  oxygen  was  measured  using  a Beckman 
analyzer.  Oxygen  velocities  from  0 to  6 ft/sec  were  used.  Mild  steel  rod 
(l/l6”  dia)  was  tested  over  this  range  of  velocities.  Its  combustion  rate 
increased  from  .15  in/sec  at  the  low  end  to  .U25  in/sec  at  the  high  end  (average 
values).  Figure  6 is  a plot  of  the  combustion  rate  vs  oxygen  velocities  for 
mild  steel.  Combustion  data  were  taken  on  the  other  metals  but  only  at  one 
or  two  velocities  (see  Table  III  for  some  average  values),  [for  more  data  refer 

to  laboratory  notebook  #5^1589  pages  U-20].  To  see  the  effect  of  the 

direction  of  burning  on  the  combustion  rate,  some  runs  were  made  with  the 
apparatus  inverted  thus  allowing  the  molten  product  to  run  down  the  sample 
rod.  In  most  cases  the  combustion  rate  was  increased.  The  combustion  rate 
of  mild  steel  doubled  by  burning  in  this  fashion  (see  Figure  6 at  oxygen 
velocity  of  1.5  ft/sec). 

In  comparing  the  burning  characteristics  of  mild  steel  for  Apparatuses  1 and  2, 
there  was  very  little  difference  in  the  combustion  process,  except  that  the  rate 
was  faster  in  apparatus  2 than  in  1,  even  at  the  low  flow  rates.  This  is 
probably  due  to  the  higher  oxygen  concentration  (90-95/^)  in  Apparatus  2 in 
comparison  to  80^  in  Apparatus  1 (both  measured  with  a Beckman  oxygen 
analyzer) . 

The  combustion  rate  of  aluminum  was  very  difficult  to  measure  because  the 
reaction  is  so  fast  and  usually  stops  suddenly.  From  the  literature  and 
observations  it  probably  is  in  the  range  of  10  in/sec.  In  spite  of  the  fact 
that  aluminum  is  a very  reactive  metal  it  was  very  hard  to  ignite,  and  ignition 
occurred  occasionally.  Its  fast  reaction  rate  can  probably  be  attributed  to 
eiluminum's  high  heat  of  combustion,  13,^00  Btu/lb  compared  to  2000  Btu/lb 
for  steel.  See  Table  IV  for  a listing  of  some  physical  and  thermodynamic 
properties  of  metals. 

Five  types  of  stainless  steels  were  tested  in  Apparatus  2.  Again  referring 
back  to  Table  III,  reading  down  the  appropriate  coliimn  it  is  possible  to 
distinguish  between  the  burning  characteristics  of  the  different  stainless 
steels.  Except  for  type  309  it  was  very  difficult  to  sustain  a reaction  on 
the  stainless  steels.  For  the  most  part,  the  amoiint  of  material  consumed  was 
veiy  small  and  the  reaction  self-extinguishing.  One  possible  reason  for  the 
reaction  not  continuing  is  the  low  oxygen  concentration  present.  As  was  stated 
before,  the  oxygen  concentration  was  about  90  to  95^  in  Apparatus  2,  relatively 
low  in  comparison  to  the  100^  oxygen  which  was  desired.  This  could  be  a very 
important  factor  in  determining  the  rate  of  combustion.  It  is  known  through 
the  literature  that  cutting  speeds  in  oxy-fuel  cutting  techniques  is  greatly 
reduced  if  the  purity  of  the  oxygen  is  less  than  98^  (8). 

Nickel  and  its  alloys  did  not  react  with  the  oxygen  to  any  great  extent, 
except  for  Hastelloy  B which  did  react  long  enough  to  give  a rate  of  .Ob 
in/sec.  Monel  UOO  was  the  only  other  one  to  show  any  signs  of  reaction. 

After  the  torch  was  removed,  the  sample  Continued  to  glow  until  a large 
molten  drop  was  fonned  on  the  end  of  the  rod.  At  this  point,  the  drop 
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cooled  and  the  reaction  stopped.  As  this  molten  drop  was  formed  (as  is 
the  ceae  for  most  metals)  the  forces  holding  it  together  and  holding  it  to 
the  rod  were  too  great  to  allow  it  to  fall  off  and  expose  fresh  metal  to 
continue  the  reaction.  In  other  words,  the  rate  of  transportation  of  the 
molten  product  was  the  rate  controlling  step  in  the  total  reaction  (3). 

Dr.  Kirschfeld,  noted  for  his  work  in  burning  metals,  describes  two  processes 
which  might  control  the  reaction  rate  in  the  combustion  process: 

1.  The  rate  of  transportation:  The  removal  of  the  products  of 

combustion  is  slower  than  the  rate  at  which  they  are  being 
produced,  therefore,  it  controls  the  rate  at  which  the 
combustion  teikes  place. 

2.  The  rate  of  reaction:  Just  the  opposite  is  meant  by  this  state- 

ment, that  is,  the  rate  of  production  of  products  is  the  slower 
step  and  controls. 

Comnercial  bronze  would  not  react  in  this  experimental  set-up,  again  probably 
due  to  the  sample  melting  before  it  reached  its  ignition  temperatvire . 

Apparatvis  2 has  the  following  main  advantages  oveY*  Apparatus  1: 

1.  A higher  concentration  and  better  distribution  of  oxygen. 

2.  The  ability  to  study  combustion  rate  vs.  oxygen  velocity. 

Appetratus  No.  3 (Figure  3) 

This  appeu'atus  was  constructed  in  an  attenrot  to  determine  the  effect  of 
rotation  on  the  burning  rate  of  materials  in  high  oxygen  atmospheres.  The 
test  procedure  went  as  follows:  the  box  was  initially  purged  with  oxygen  for 

3 minutes  at  a flow  rate  of  .9  scfta.  After  this,  the  flow  rate  was  cut  back 
to  .3  scflti  during  testing.  As  can  be  seen  from  Figure  3 an  ignition  pill  was 
used  to  ignite  the  sample.  In  a stopped  position  the  two  electrodes  were 
brought  into  contact  with  the  pill  caiislng  its  ignition.  After  approximately 
3 seconds  the  sample  would  ignite  and  at  this  time  the  U"  disk  was  put  in 
motion.  Only  mild  steel  and  30U  stainless  steel  were  tested  because  of  the 
availability  of  the  2 metals  in  thin  sheets  (.005”  and  .010”  thickness).  It 
was  very  diffic\ilt  to  determine  a rate  of  burning  at  different  rotation  speeds. 
From  observation,  it  was  felt  that  the  burning  rate  increased  with  speed  of 
rotation.  However,  it  was  not  possible  to  measure  the  burning  rate,  even  by 
weighing  the  disc  before  and  after  the  combustion,  because  of  the  metal  thrown 
from  the  combustion  zone  by  centrifugal  force. 

Apparatvis  No.  U (Figure  U) 

This  experimental  set-up  involved  the  use  of  LOX  instead  of  gaseous  oxygen. 

The  reasons  for  this  change  were:  1.  to  ensure  100^  oxygen  around  the  specimen, 
sttid  2.  to  see  if  the  low  temperature  had  any  different  effects  on  the  ignition 
or  burning  process. 
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There  were  a number  of  variations  to  this  set-up  before  it  got  to  the 
stage  it  appears  in  Figure  U,  Initially  samples  were  placed  in  the 
bottom  of  an  80  ml  fire  brick  crucible  filled  with  LOX.  Next  a 1/U”  mild 
steel  rod  was  heated  to  Just  below  its  melting  point  and  thrust  into  the 
vapor  space  above  the  LOX,  This  resulted  in  the  combustion  of  the  rod 
causing  a molten  drop  to  fall  into  the  crucible  and  onto  the  test  piece. 

This  molten  drop  would  either  cause  ignition  of  the  test  specimen  or 
solidify.  From  this  it  was  decided  that  it  might  be  possible  to  detennine 
some  combustion  rates  by  going  to  an  apparatus  like  the  one  shown  in 
Figvire  k and  using  wire  samples  6"  or  8”  long*  This  was  not  the  case 
because  the  LOX  vapor  obstruct?!  'isuaJ  e /at ion  of  start  and  finish 
of  ignition* 

Apparatus  No*  5 (Figure 

Again  as  in  Apparatus  2,  the  object  of  the  set-up  was  to  determine  combustion 
rates  of  metals  in  the  presence  of  100%  oxygen.  This  experiment  (Figure  5) 
was  run  at  near  zero  oxygen  velocity,  a 95  to  100^  oxygen  atmosphere,  and  in 
a horizontal  position*  The  ignition  method  used  was  an  ignition  pill  ignited 
by  two  electrodes  and  a 6 volt  battery*  The  combustion  rates,  of  eill  metals 
that  burned  in  Apparatus  No*  5,  were  higher  than  the  rates  in  Apparatus  No* 

2,  probably  due  to,  both  the  higher  oxygen  concentration  and  the  horizontal 
burning  (see  Table  III  for  typical  combustion  rates)*  Aluminum  was  very 
difficult  to  ignite,  and  no  rates  were  established*  Different  burning  rates 
for  the  stainless  steels  tested  were  determined,  thus  allowing  some  comparison 
of  burning  rates  and  composition  to  be  made*  It  appears,  from  the  test  results 
from  Apparatus  No*  2 and  No*  5,  and  from  the  literature,  that  alloying  steels 
with  materials  like  magnesium  and  chromium  will  increase  the  burning  rate 
somewhat,  while  alloying  with  materials  like  molybdenum  and  nickel  will  decrease 
the  burning  rate*  Nickel  and  its  alloys  still  resisted  combustion  in  this 
apparatus.  Nickel  itself  would  not  react  at  all,  while  monel  and  inconel  did 
show  signs  of  reaction  with  the  oxygen*  Hastelloy  B was  the  only  alloy  to 
bum  continuously*  Its  combustion  rate  was  *08  in/sec* 

IGNITION  METHODS 


Oxyacetylene  Torch 

The  oxyacetylene  torch  was  used  initially  because  of  the  ease  with  which 
ignition  of  the  sample  could  be  obtained*  Because  of  its  high  flame 
temperature,  around  5000°F,  the  samples  could  be  brought  to  ignition  or 
melting  temperature  quickly.  The  problems  involved  in  using  the  torch  were: 

1,  The  test  chamber  had  to  be  open  to  the  atmosphere  so  the  torch  could 
be  brought  close  to  the  sample  and  then  removed*  This  allowed 
the  atmosphere  around  the  ignition  point  to  become  diluted  with 
air* 

2*  The  high  velocity  of  the  combustion  gas  from  the  torch  disturbed 
the  atmosphere  around  the  sair^le* 

Ignition  Pill 

The  ignition  method  was  switched  to  the  ignition  pill  because  of  the 
following  reasons: 
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1»  The  sysliem  could  be  sealed  of*f  from  “the  atmosphere  thus  enabling 
a higher  oxygen  concentration  to  be  obtained. 

2.  A predetermined  amount  of  material  could  be  burned  to  cause  ignition 
thus  allowing  a measurement  of  minimum  heat  input  required  to  cause 
ignition.  This  was  not  done  but  future  runs  are  planned  to  de- 
termine these  values. 


Three  different  ignition  pills  were  used  during  the  cotirse  of  the  experiments. 

The  first  one  consisted  of  compressed  steel  wool  in  the  shape  of  a wafer  1” 
in  diameter  by  approximately  l/l6*’  thick.  The  weight  ranged  from  2 to  5 grains. 

The  wafer  was  made  using  approximately  5000  psi  pressure.  This  size  was 
abandoned  for  a smaller  pill.  The  new  pill  was  1/2”  in  diameter  and  3/l6” 
thick  weighing  2 - U grams.  Three  materials  were  used  in  making  the  second 

steel,  stainless  steel  and  aluminiim.  Pills  of  each  individual  material 
and  pills  of  50-50  combinations  of  aluminum  and  steel,  and  aluminum  and  stain- 
less steel  were  tested.  The  steel  wool  proved  to  be  the  best  for  igniting  all 
metals  except  aluminum.  A 50-50  pill  of  steel  and  aliimin'um  wool  worked  best 
for  igniting  aluminum.  In  all  cases  the  size  of  the  pill  appeared  to  be  too 
large,  that  is,  the  amount  of  heat  released  was  more  than  enough  to  cause  ignition. 

One  problem  related  to  the  use  of  the  pill  was  keeping  the  pill  on  the  test 
sample  after  igniting  it.  The  wafer  pill  was  usually  wrapped  around  the 
sample  and  secured  with  a piece  of  wire.  With  the  smaller  pill  a hole  was 
in  the  pill  and  the  metal  seonple  forced  through  it.  In  some  cases, 
after  the  pill  was  pushed  on,  a bend  was  put  in  the  rod  at  the  end  to  prevent 
the  pill  from  falling  off  prematurely.  The  methods  of  attachment  for  both  the 
large  and  small  pill  helped,  but  did  not  completely  solve  the  problem.  One 
possible  method,  which  was  not  tried,  is  to  support  the  pill  with  the  test 
piece  in  it  on  a ceramic  dish. 

From  the  test  results  obtained  it  was  felt  that  other  methods  of  igniting  the 
metals  shoxild  be  tried  in  future  rims  in  an  effort  to  try  to  pinpoint  the  ignition 
limits  of  metals  in  oxygen  atmospheres. 

DISCUSSION  OF  COMBUSTION  PROCESSES 

Metals  and  aLLloys  when  exposed  to  an  oxidizing  atmosphere  undergo  a chemical 
reaction  with  the  oxidizer,  forming  an  oxide  film  on  the  metal  surface. 

When  speaking  of  burning,  and  not  Just  rusting  or  ambient  oxidation,  there 
sire  three  possible  ways  in  which  this  process  can  take  place, 

1,  The  combustion  takes  place  only  after  the  metal  has  melted  and 

formed  a molten  oxidized  drop  which  hangs  on  the  end  of  the  wire 
(experimentally  observed).  It  has  been  noted  that  if  at  any  time 
the  liqiiid-phase  disappears  entirely  from  the  rod  the  reaction 
will  stop.  This  is  a heterogeneous  reaction,  for  which  at  least 
two  phases  are  necessary:  the  liquid  oxide  phase  and  the  oxygen 

vapor  phase.  Iron  is  one  metal  which  exhibits  this  type  of 
reaction. 

2.  Another  way  in  which  combustion  can  take  place  is  for  the  metal  to 
evaporate  directly  from  the  solid  state,  and  react  with  the  oxidizer. 
Magnesium  because  of  its  high  heat  of  combustion  exhibits  this 
behavior. 
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3*  The  third  possible  way  in  which  the  combustion  process  can  take  place 
is  by  melting,  evaporating  from  the  liquid,  and  then  reacting  with  the 
oxidizer.  Aluminum  behaves  in  this  meinner.  It  too  has  a high  heat 
of  combustion  like  magnesium,  but  it  also  has  a lower  vapor  pressure 
than  magnesium  which  makes  it  go  through  the  liquid  phase. 

In  general  all  metals  tested  to  date,  except  aluminum,  reacted  with  the  oxygen 
from  a molten  droplet  formed  at  the  end  of  the  test  rod.  The  combustion  would 
be  initiated  by  the  ignition  pill  thus  starting  the  formation  of  the  molten 
droplet.  This  droplet  grew  until  it  reached  a critical  size  determined  by 
the  stiTface  tension.  Next  it  either  dropped  off  as  a molten  oxide  or  ex- 
plodes. In  either  case,  fresh  metal  was  exposed  thus  starting  the  process 
over  again.  Bartlett,  Ong,  Fassell  and  Papp  (9)  state,  that  the  reason  for 
this  explosion  or  fragmentation  in  some  metals  is,  once  the  boiling  point 
of  the  metal  is  reached,  metal  evaporation  will  begin  expanding  the  liquid 
oxide  and  provide  a metal  vapor  film  between  the  metal  sphere  and  the  oxide 
shell  (Figure  Ta).  Excessively  rapid  expansion  may  lead  to  bursting  of  the 
liquid  oxide  bubble.  In  the  case  of  aluminum  the  rate  of  reaction  was  so 
rapid  that  it  was  not  possible  to  observe  the  combustion  process. 

Glassmeui  (lO)  summarized  in  four  hypotheses  the  nature  of  metal  combustion 
processes.  These  hypotheses  are  widely  accepted  by  the  investigators  in  this 
field.  Our  limited  experimental  work  to  date  seems  to  confirm  them  or  at 
least,  has  not  contradicted  them. 

1.  The  boiling  point  of  the  metal  oxide  limits  the  flame 
temperature  of  the  metal. 

2.  If  the  boiling  point  of  the  oxide  is  greater  than  the  boiling 
point  of  the  metal,  steady  state  combustion  will  result  in 
the  vapor  phase;  and  conversely,  if  the  boiling  point  of 

the  oxide  is  less  than  the  boiling  point  of  the  metal,  sur- 
face combustion  will  result. 

3«  Radiation  plays  a most  important  role  in  metal  combustion. 

U.  The  ignition  phenomenon  can  be  entirely  different  from  the 
controlling  steady  state  combustion  phenomenon. 
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TYPICAL  BURNING  PATTERNS  FOR  METALS 
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APPENDIX 

1.  "Spontanecais  Ignition  of  Metals  in  Oxygen  under  Pressure",  J.  J.  Jakowsky 
and  E.  W.  Uutzler,  Bureau  of  Mines  Report  of  Investigation,  Serial  No. 
2521,  September  1923. 

This  preliminary  report  deads  with  the  effects  of  oxygen  pressure 
on  the  ignition  temperature  and  combustibility  of  iron,  copper, 
braiss  and  lead.  A study  was  made  of  the  relation  between  ig- 
nition temperature  and  pressure  for  iron,  copper,  and  brass,  which 
jure  the  three  materials  usuadly  employed,  and  for  lead.  The  bomb 
was  an  old  Parr  calorimeter  bomb  which  had  been  altered,  eis  shown 
in  Figure  2,  to  allow  the  wire  (e)  to  be  inserted,  this  wire  com- 
prising the  material  to  be  tested  in  the  bomb.  The  wire  was 
placed  across  the  terminals  of  the  bomb,  and  brought  up  to  its 
ignition  or  melting  temperature  by  passing  a sufficient  current 
through  the  wire.  The  greatest  change  in  ijgiition  temperatxore 
noted  is  in  iron.  At  atmospheric  pressure,  iron  in  oxygen  ig- 
nites at  a temperature  of  approximately  930°C,  while  at  a 
pressiire  of  2000  pounds  per  square  inch  the  ignition  temperature 
drops  to  approximately  600°C.  Brass  and  copper  behave  very  much 
alike,  and  differ  considerably  from  iron,  although  at  higher 
pressures  brass  in  oxygen  appears  to  ignite  and  bum  more  readily 
than  copper.  At  atmospheric  pressixre,  the  brass  and  copper  wires 
in  oxygen  severed  at  approximately  their  melting  temperatures. 
Apparently,  little  or  no  oxidation  takes  place.  Iron  wire,  how- 
ever, behaved  differently  and  bviraed  at  a temperature  considerably 
below  that  of  its  melting  point, 

2.  "Ignition  in  High  Pressure  Oxygen",  M.  Cuter,  Tlie  British  Oxygen  Co. , 
Limited  R§D  Report,  AD648612,  June  1950. 

Ignition  temperatures  in  high  pressure  gas  were  determined  by 
using  a stainless  steel  bomb  in  which  samples  could  be  raised 
to  the  ignition  temperature  in  a few  minutes.  The  effect  on 
ignition  temperature  of  changes  in  total  pressure,  rate  of 
heating,  "aging”,  i.e.  prolonged  storage  of  material  in  oxygen 
under  pressure,  oxygen  concentration,  and  the  physical  state 
of  the  sample  were  determined  in  the  high  pressure  apparatus, 

A simpler  apparatus  called  the  "pot"  igaition  appeuratus  was 
developed  for  the  rapid  determination  of  ignition  tenperatiires 
in  oxygen  at  atmospheric  pressure. 

The  many  materials  examined  have  been  classified  in  the  following 
five  groups: 

1.  Lubricants,  including  thread  sealing  compounds. 

2.  Natural  and  Synthetic  Rubber  Hose  Materials. 

3.  Polymers . 

4.  Valve  Seat  Materials. 

5.  Metals  and  Alloys, 
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Much  detailed  information  is  given  on  materials  in  groups  1 
through  U,  each  group  containing  several  materials. 

None  of  the  metals  and  alloys  in  Class  V ignited  in  oxygen  at 
250  atmospheres  when  heated  alone  to  350® C.  Copper,  magnesixan 
alloy  and  mild  steel  turnings  ignited  in  the  presence  of  a drop 
of  oil  if  heated  to  about  200®C  in  oxygen  at  250  atmospheres. 

3.  ^'The  Iron-Oxygen  Combustion  Process  - A Study  Related  To  Qx)'gen  Cutting**, 
A.  A.  Wells,  British  Welding  Journal,  September  1955,  pp.  392-400. 

As  often  happens  in  research  on  an  indvistrial  process,  it  was  found 
extremely  difficult  to  make  accurate  measurements  under  the  actual 
conditions  of  practical  operation.  It  was  therefore  decided  to 
make  an  experimental  study  with  an  apparatus  specially  designed 
for  the  purpose,  in  which  a slowly  rotating  cylindrical  bar  of 
the  materieil  to  be  cut  is  moved  end-ways  into  the  oxygen  jet; 
in  this  way  the  rate  of  cutting  may  be  measured  directly  as  the 
rate  of  feed  of  the  bar  into  the  Jet.  The  report  which  follows 
describes  results  which  have  been  obtained  by  this  techniq.ue, 
and  which  appear  to  me  to  throw  new  light  on  a number  of  aspects 
of  the  problem,  particularly  concerning  the  effects  of  the 
composition  of  the  metal  to  be  cut  and  of  the  purity  of  the 
oxygen. 

Measurements  of  the  combustion  rate  between  iron  and  oxygen 
are  compared  with  calculations  that  determine  the  rate  of  dif- 
fusion of  oxygen  to  the  combustion  face  through  a stagnant 
boundary  layer  of  gaseous  impurities.  The  thickness  of  this 
boundary  layer  is  determined  from  a heat-flow  analogue.  With 
certain  exceptions,  it  is  concluded  that  the  combustion  rates 
for  commercially  pure  reacting  materials  are  mainly  controlled 
by  this  diffusion  mechanism. 

embus ti on  of  Metals  in  Oxygen*’,  A.  V.  Grosse  and  J.  B.  Conway, 

Ind.  ling.  Chem.  ^ (4),  April  1958,  pp.  663-672. 

The  basic  aim  of  the  work  was  to  develop  a technique  for 
producing  and  utilizing  high  temperature  sources.  Combus- 
tion of  aduminum  yields  a source  of  high  intensity  thermal 
radiation.  Powdered  metail-oxygen  flames  are  highly  effec- 
tive in  cutting  through  thick  sections  of  concrete  and 
ceramic  materials. 


3/72 

JD;kfq 


-21- 


afu)(  ^4efttica/^ 


5.  '*Coni)ustibility  of  Metals  in  Ox)'^gen",  Dr.  L.  Kirschfeld, 

Angewandte  Chemie,  Vol.  71,  1959,  pp.  663-667. 

The  combustion  speed  of  cylindrical  Fe  wires  of  different 
cross  sections  was  measured  at  veurying  Op  pressures.  The 
combustion  probably  takes  place  between  the  gas  phase  and 
the  melt  occurring  at  the  surface  of  the  liquid  slag 
droplets  that  are  hanging  on  the  wire  and  advance  with 
the  combustion.  The  Fe  wire  dissolves  in  the  slag  and 
migrates  by  diffxxsion  to  the  surface  of  the  slag  droplet. 
Regardless  of  the  cross  section  of  the  Fe  wire,  at  consteint 

02  pressure  an  equal  Fe  quantity  is  burned  per  unit  of  time. 

The  reaction  speed  is  inversely  proportional  to  the  cross 
section  of  the  Fe  wire  and  directly  proportional  to  the 
square  root  of  the  Og  pressure. 

"Investigation  of  Ignition  Temperatures  of  Solid  Metals", 

W.  C.  Reynolds,  National  Aeronautics  and  Space  Administration, 
Technical  Note  D-182,  October  1959. 

Summary 

The  ignition  temperatiure  of  a solid  metal  is  related  through 
a thermal  definition  of  ignition  to  the  rate  of  oxidation 
and  to  the  radiation  and  convection  heat-transfer  parameters. 

The  mechanisms  of  oxidation  are  reviewed  and  the  factors 
which  influence  ignition  temperatures  are  disctissed.  Reason- 
able agreement  between  theoretical  and  experimental  ignition 
temperatures  is  demonstrated.  Experimental  ignition  tempera- 
tures for  several  metsils  are  presented. 

"Combustibility  of  Metals  in  Oxygen",  Dr.  L.  Kirschfeld,  phil.  nat.. 
From  a lecture  given  at  the  Haus  der  Technik,  Essen,  Federal  Institute 
for  Testing  Materials,  Berlin-Dahlen,  October  27,  1960. 

Combustion  of  metallic  materials  as  cause  of  destruction  of 
high-press\ire^xygen  plants — Investigation  of  the  laws  sind 
reaction  mechanism  in  the  combustion  of  metallic  substances 
in  oxygen  from  1/8  to  100  atmospheres — Outlook. 

8.  "Combustion  Rates  of  Ne-  Heavy  Metal  Wires  in  Oxygen",  ^^etall, 

Dr.  L.  Kirsdifeld,  August  1960,  pp.  792-796. 

The  combustion  velocity  of  cylindrical  Cu,  brass,  aind  Zn 
wires  in  pure  0 was  measured  at  vstriable  pressures.  Cu 
bxims  in  the  liquid  phase  on  the  surface  of  a drop  of 
molten  meted.,  but  brass  vapor  comes  directly  from  the 
solid  alloy.  With  diminishing  pressure  combustion  velocity 
of  Cu  and  Zn  decreases,  but  that  of  brass  increases.  All 

3 meteils  burn  by  dissociation  of  0^  into  atmospheric  0. 
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9.  "Tlie  Cotriiustion  Rate  of  Li^ht  fictal  Wires  in  (ixygen,  Dr.  L.  Kirschfeld, 
Metall  14,  1960,  pp.  213-219. 

The  combustion  velocity  of  cylindrical  A1  wires,  rolled  A1 
ribbons,  and  flat  Mg  ribbons  in  pure  0 at  variable  pressures 
was  meeisured.  The  A1  probably  burns  over  a drop  of  vapor- 
ized metal  in  the  gaseous  phase,  and  by  superheating  through 
high  reaction  tempe..  aoai  phene .ae  .a.  similar  to  boiling  often 
occur.  The  ?>lg  probably  burns  in  the  gaseous  phase  after 
direct  vaporization  from  the  solid  metal  without  formation 
of  molten  slag.  Both  metals  probably  burn  by  combination 
with  atmospheric  0 after  dissociation  of  02*  The  combustion 
velocity  of  A1  decreases  with  falling  0 pressure,  but  that 
of  Mg  increases.  The  change  in  combustion  velocity  in  both 
cases  shows  a linear  dependence  upon  the  square  root  of  the 
0 pressure. 

10.  "The  Burning  of  Metals",  P.  L.  Harrison  and  A.  D.  Yoffe,  Proc.  P.oy. 

Soc.  (London),  Series  A,  Vol.  261,  1961,  pp.  357-370. 

A preliminary  study  has  been  made  of  the  mechanism  by 
which  metals  burn.  Experiments  have  been  carried  out  with 
wires  of  aluminum,  iron,  magnesium,  molybdenum,  titanium  and 
zirconium  in  oxygen  and  oxygen  + nitrogen  mixtures.  The  rate 
of  propagation  of  the  combustion  zone  along  the  wire  is 
dependent  upon  the  oxygen  pressure  in  the  atmosphere,  suggesting 
that  combustion  is  largely  controlled  by  gaseous  diffusion 
thro\igh  the  atmosphere.. 

Some  of  the  factors  influencing  the  mode  of  burning  and  the 
reaction  rates  have  been  studied,  and  the  temperatures 
attained  under  the  given  experimental  conditions  have  been 
measured. 

The  mode  of  burning  is  determined  by  the  relative  melting  and 
boiling  points  of  the  metal  and  its  oxide.  Metals  with  low 
boiling  points  such  as  aluminum  and  magnesium,  bum  in  the 
vapor  phase.  Metals  which  have  high  boiling  points,  but  which 
melt  readily,  bum  at  the  surface  of  a molten  oxide  + metal 
mixture,  provided  the  oxide  also  melts  readily  but  has  a high 
boiling  point.  Iron  and  titanium  are  examples  of  such  metals. 

If,  as  with  zirconium,  the  metal  has  a high  boiling  point  and 
possesses  a refractory  oxide,  a solid  oxide  film,  which  slows 
the  reaction,  can  be  formed  on  the  metal  surface.  Metals  such 
as  mo lyb donum,  which  form  oxides  that  readily  sublime  bum  at 
the  sxirface  of  the  metal. 

Color  temperatures  attained  during  the  burning  of  iron,  titanium 
and  zirconium  in  oxygen  were  found  to  be  higher  the  greater  the 
pressure  of  oxygen.  The  temperatiires  were  in  the  range  26 00  to 
3600°K  and  were  highest  for  the  metsil  with  the  greatest  heat  of 
oxidation  when  measured  per  gram  of  oxygen  consumed. 
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The  burning  of  a metal  sphere  to  a molten  oxide  + metal  mixture 
in  a convection— free  monomolecular  gas  has  been  treated  theo- 
retically, The  variation  of  combustion  temperature  with  oxygen 
pressia-e  predicted  by  the  theory  agrees  satisfactorily  with  that 
obtained  experimentally. 

"Ignition  Characteristics  of  Metals  and  Alloys",  L.  E.  Dean  and 
W.  R.  Thompson,  ARS  Journal,  July  1961,  pp.  917-923. 

The  ignition  characteristics  of  engine  structural  metals  auid 
alloys  as  influenced  by  the  composition  and  pressure  of  the 
ambient  atmosphere  are  of  immediate  interest  to  propulsion 
design  engineers.  Tubular  test  sections  of  the  stainless 
steel,  cobalt  and  nickel  alloys,  besides  aluminum,  copper 
and  titanium  were  resistance  heated  in  controlled  atmospheres 
of  oxygen,  carbon  dioxide  and  an  equal  mixture  of  these  gases. 
Tube  and  gas  temperatures  obtained  were  correlated  with  color 
motion  pictiire  coverage  of  the  manner  in  which  the  tube  heated 
and  failed.  Stainless  steels  and  cobalt  alloys  ignited  within 
the  melting  point  range  of  each  material.  Nickel  alloys  did 
not  ignite  lontil  the  melting  point  was  reached.  The  rate  of 
combustion  increased  with  oxygen  content.  Stainless  steels 
with  a high  nickel  content  appear  most  suited  for  applications 
at  high  temperatures  in  an  oxidizing  atmosphere. 

"Ignition  and  Combustion  of  Aluminum  Particles  in  Hot  Ambient  Gases", 
R.  Friedman  and  A.  Macek,  Atlantic  Res.  Corp.,  V/SS/CI  Paoer  61-21. 
September  1961. 


Summary 


Observations  have  been  made  of  individual  aluminum  particles 
entrained  in  combustion  gases  under  controlled  conditions,  at 
atmospheric  pressure.  Effects  of  ambient  gas  temperature  and 
oxygen  content  and  of  aluminxim  particle  size  on  ignition  and 
subsequent  combustion  phenomena  have  been  determined  by  flame 
photography  and  by  microscopic  examination  of  collected 
particles.  Ignition  occurs  only  when  the  ambient  gases  are 
above  2210-2360®K,  this  temperature  being  quite  insensitive 
to  free  oxygen  content  and  particle  size.  This  result  is 
consistent  with  an  ignition  theory  which  assumes  a substantial 
change  in  the  rate  of  the  surface  reaction  at  the  melting 
ten5)erature  of  alumina  (2300®K).  When  ignition  occ\irs,  the 
delay  time,  which  varies  with  the  square  of  particle  diameter, 
is  in  excellent  agreement  with  simple  heat-transfer  calculations 
when  the  initial  lag  of  the  particle  velocity  relative  to  the 
gas  is  taken  into  account.  Once  ignition  occurs,  combustion 
phenomena  are  complex,  involving  imsymmetrical  burning  and 
fragmentation;  a qualitative  discussion  is  provided. 
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13,  "Combustion  Rate  of  Lipht  Metal  V/ires  in  Qxypen  Ili^  Pressures", 

Ur.  L.  Kirschfeld,  Metall,  Vol.  15,  1961,  pp.  873-878. 

The  combustion  velocity  of  cylindrical  A1  wires  and  Mg  bands 
was  measured  in  0 from  1 to  100  atmosphere.  In  the  case  of 
A1  a transition  from  one  homogeneous  gas  reaction  (probably 
AI2O3  formation)  to  another  homogeneous  gas  reaction  (probably 
AlO  formation)  occurs  between  16  and  32  atmospheres.  In  the 
case  of  Mg  transition  from  a gas  reaction  in  which  the  trans- 
port phenomenon  is  velocity-determining  to  a reaction  in  which 
the  chemical  reaction  velocity  governs  the  total  conversion 
occurs  at  2-l6  atmospheres. 

lU,  "Investigations  on  Determination  of  Safe  Operating  Conditions  for  Steel 
Oxygen  Piping",  W.  Wegener,  Dipl.-Ing.,  Moderne  Unf alive riiutung , No.  6, 
1962,  From  a lecture  presented  at  the  Haus  der  ’Technik  'Teciinology  House 
in  Essen,  December  1961. 

Piping  fires  and  their  possible— causes— Current  safety  regulations 
and  proposed  modifications — Packing  materials — Experimental  investi- 
gations on  permissible  flowrate  of  oxygen. 

15.  "Influence  of  the  Geometric  Form  on  the  Combustion  Rate  of  Sheet  Metal 
in  Oxygen",  Dr.  L.  Kirsclifeld,  Archiv  f.  d.  Eisenhuttenw,  Vol.  33, 
September  1962,  pp.  617-621. 

Flat  and  bent  specimens  of  0,05/^  C steel  strip  and  sesunless 
tubing  were  used  to  study  the  effect  of  size  and  form  of  cross 
section  on  the  rate  of  combustion  of  Fe  in  pure  0 at  1 kg./sq.  cm. 

The  rate  of  combustion  increased  proportionally  to  the  increase 
in  surface  area,  and  was  greatly  influenced  by  the  type  of  cross 
section. 

16.  Jackson,  J.  D. , W.  K.  Boyd,  and  P.  D.  Miller  "Reactivity  of  Metals  with 
Liquid  and  Gaseous  Oxygen",  Defense  Metals  Information  Center,  Battelle 
Memorial  Institute,  Columbus,  Ohio,  EMIC  Report  163,  January  15,  1963. 

Of  sJ.1  the  metals  studied  to  date,  titanium  exhibits  the  greatest 
sensitivity  to  impact  when  immersed  in  LOX.  In  fact,  its  sensitivity 
approaches  that  of  msiny  organic  materials  such  as  greases  and  oils. 
Reactivity  is  observed  in  liquid  oxygen  and  mixtures  of  liqviid  oxygen 
and  liquid  nitrogen  at  20  ft-po\inds  until  the  LOX  concentration  is 
reduced  to  30  per  cent.  Titanium  can  be  peirtially  protected  from 
reactivity  in  LOX  under  impact  by  certain  protective  coatings,  pro- 
vided the  coatings  are  not  broken.  Protection  is  given  by  electroless 
copper  and  nickel,  possible  aluminum,  and  to  a lesser  extent  by 
Teflon  and  a fluoride-phosphate  coating.  Protection  is  also  ob- 
tained by  nitriding  which  adds  a protective  film  to  the  surface, 
and  by  annealing  which  increases  the  thickness  of  the  oxide  film. 
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Titanium  exhibits  no  great  reactivity  in  LOX  when  deformed  by 
compression,  by  exposure  of  a fresh  surface  by  machining  or  rupture, 
or  by  exposure  of  bulk  titanium  to  high-pressure  or  high-velocity 
LOX. 


In  gaseous  oxygen,  titanium  is  highly  reactive  when  a freshly  formed 
surface  is  exposed  at  even  moderate  pressures.  Under  conditions  of 
tensile  rupture,  a pressure  of  about  100  psig  will  initiate  a violent 
burning  reaction  with  titanium  from  about  -250  F up  to  room  temp- 
erature. Above  room  temperature,  the  pressure  required  to  initiate 
the  reaction  is  decreased  somewhate.  When  2 per  cent  HF  is  added 
8is  an  inhibitor  or  5 per  cent  argon  eis  a diluent,  the  pressure  must 
be  increased  about  two  fold  at  room  teniperature  before  reaction 
occurs.  Titaniiim  could  not  be  made  to  react  even  at  very  higli 
pressiire  when  the  oxygen  content  was  35  per  cent  or  less. 

When  a titanium  vessel  containing  LOX  or  gaseous  oxygen  is  ruptured 
by  a bullet,  by  a simulated  micrometeoroid,  or  by  other  mechanical 
puncture,  violent  burning  begins  at  almost  0 psig.  If  the  vessel 
is  not  fractured  by  external  impact,  vibration,  acoustic  energy, 
thermal  effects,  or  with  slowly  propagated  cracks,  such  as  fatigue 
cracks,  no  reactivity  is  noted. 

When  bulk  titanium  is  heated  in  high-pressure  oxygen,  ignition  and 
bviming  will  occur  at  a temperature  somewhat  below  its  melting  point. 
Similar  reactions  have  been  noted  in  C02*  Ignition  of  titanium  is 
also  initiated  under  conditions  of  explosive  or  electrical  shock. 

The  mechanism  for  the  Ti-02  reaction  is  described  as  a reaction 
between  a freshly  formed  titanium  surface  and  gaseous  oxygen. 

Of  other  metals  discussed,  only  zirconium  shows  simileLr  reactions 
in  oxygen.  Stainless  steels  are  found  to  exhibit  almost  no  reactivity 
in  oxygen  under  impact,  mipture,  explosive  shock,  or  heating.  Aluminum 
is  similarly  unreactive,  but  will  ignite  under  conditions  of  high-^ 
explosive  shock.  Magnesium  shows  reactivity  to  explosive  shock  lying 
about  midway  between  that  of  aluminum  and  titanium. 

For  high-pressure  oxygen  systems,  stainless  steel  and  Monel  were 
found  to  be  satisfactory. 

17.  ’’Confcustion  of  Metals"  George  II.  Markstein,  AIM  Journal,  Vol.  1,  No.  3 
March  1963  pgs.  550-562. 

A conpreliensive  literature  review  of  work  on  conibustion  of  metals. 
Seventy-seven  references  are  cited.  The  paper  is  primarily  con- 
cerned with  the  aspects  of  metal  combustion  of  special  concern 
from  the  view  of  metal-fire  prevention  and  from  the  use  of  finely 
divided  metal  fuel  in  propulsion. 
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18.  "Conpatibility  of  Metals  and  Cryogenic  Liquids",  Jack  L.  Christian, 

Jasnes  E.  Chafey,  Abraham  tfurlich,  James  F.  Watson  and  IVilliam  E.  Witzell, 
Metal  Progress.  Vol.  pp.  100-103  § 122,  124,  April  1963. 

Vfe  conducted  tests  to  demonstrate  whether  a catastrophic  titanium- 
oxygen  reaction  would  result  from  accidental  occurances  when  gaseous 
or  liquid  oxygen  is  contained  in  a thin  walled  titanium  tank.  The 
titanivun  sheet  was  fractured  to  expose  a clean  vinoxidized  surface 
while  in  contact  with  the  liquid  or  gaseous  oxygen.  Comparison  tests 
were  made  on  type  301  stainless  steel  and  202l»-T3  aliuninum.  The 
titanium-oxygen  reactions  appears  to  be  initiated  only  by  rapid 
fracture . 

Neither  stainless  steel  nor  202L  aluminum  react  when  subjected  to 
rapid  fracture.  Al\iminum  has  been  reacted  with  liquid  oxygen  in 
the  standard  falling-weight  compressive  Impact  test.  However,  the 
susceptibility  to  reaction  is  much  less  than  for  titanliim. 

19.  "A  Physical  Criterion  for  Metal  Ignition",  A.  M.  Mellor  and  I.  Classman, 
(Princeton  Univ. , Princeton,  New  Jersey).  Western  States  Sect.  Ccmibust. 
Inst.,  Paper  WSS-CI  64-20,  1964,  pp.  21. 

The  ignition  of  metals  in  oxidizing  atmospheres  was  determined 
in  terms  of  a transition  tenq>erature . The  trcmsltlon  temperatvire 
is  defined  as  the  temperature  at  which  the  surface  film  on  the 
metal  becomes  non-protective,  and  this  predicts  a minimum  possible 
ignition  temperature  and  the  relative  ease  of  ignition  of  a meted 
in  an  oxidizing  atmosphere.  Various  means  by  which  the  surface 
film  can  become  non-protective  eire  discussed.  Igiition  teats  off 
(l)  Mg  in  atmospheres  of  0-Ar  and  O-CO2;  and  (2)  anodized  A1  in 
atmospheres  of  C02-Ar,  H2O  vapor-Ar,  HpO  vapor-C02»  0-Ar,  and 
O-CO2  are  described.  The  results  of  other  ejqploratory  investiga/- 
tions  relating  to  the  igiition  of  A1  in  atmospheres  of  edr,  0, 

O-CO2;  Mg  in  atmospheres  of  0;  Ca  in  atmospheres  of  0;  Mo  in 
atmospheres  of  0;  and  U in  atmospheres  of  0 are  correlated  and 
explained  by  means  of  transition  temperatures, 

20.  "Investigations  on  the  Safe  Flow  Velocity  to  be  Admitted  for  Oxygen  in 
Steel  Pipe  Lines."  W.  Wegener,  Report  of  the  Bundesanstalt  for  Material- 
testing, (Report  No.  6 of  the  Eng.  Dept,  and  report  No.  360  of  the  Eng. 
Conmittee  of  the  Association  of  German  Iron  Workers),  1964. 

Risks  of  fire  caused  by  solid  contamination  in  oxygen  pipe  lines  and 
economic  efficiency.  Installation  of  trial  sections.  Measured  values 
and  fundamental  data  for  cedculating  the  velocity  of  flow.  Experiments 
with  straight  and  curved  lines  under  severe  conditions.  Permanent 
trisQ.  section  for  oxygen  of  industrial  purity.  Conclusions  to  be  drawn 
regarding  fire  risks  with  pipe  lines  and  accessories. 
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21  •'Ignition  and  Combustion  of  Small-diaineter  A1  Wires",  D.  K.  Kuelil, 

Western  States  Sect.  Combust.  Inst.,  Paper  WSS/CI  64-21,  1964,  pp.  16 

Application  is  described  for  the  ignition  and  combustion  of  metals 
in  gaseous  oxidizers,  V7ires  2-U  in.  long  and  0.010-0.0^+0  in.  in 
diameter  are  heated  electrically  under  gas  presstxres  of  0,5-1000 
psia.  Temperature  is  detennined  by  a calibrated  photocell  within 
+ 20®.  Photographic  and  electronic  equipment  eire  utilized  to 
record  and  analyze  the  combustion  characteristics.  Photographs  of 
burning  A1  wires  eire  shown  and  a theoretical  discussion  of  the 
process  is  made, 

22,  ’'Conpatibility  of  Materials  with  7500-psi  Oxygen",  G.  J.  Nihart  and 
C.  P.  Smith,  (Union  Carbide  Corp,,  Tonawanda,  New  York).  608260. 
Available  CFSTI,  1964,  pp.  94. 

A research  program  was  conducted  to  develop  ignition  data  on 
thread  lubricants,  thread  sealants,  fluorocarbon  plastics,  and 
metals.  Spontaneous  ignition  temperatures  were  detennined  in 
both  2000-psi.  and  7500-psi  0 for  all  the  above  materials 
except  metals.  The  spontaneous  ignition  temperatures  for 
these  materials  were  found  to  be  essentially  the  same  in 
7500-psi  0 and  in  2000  psi  0.  Only  3 of  the  tested  lubricants 
are  recommended  for  possible  use  in  7500-psi  systems.  None  of 
the  thread  seadants  are  recommended.  Glass- filled  poly(tetra- 
fliaoroethylene)  is  usable  only  if  tightly  confined.  The 
relative  ease  of  ignition  of  metals  and  alloys  was  determined 
by  promoted  ignition  methods  in  0 at  7500  psi.  Inconel  alloy 
600,  brass.  Monel  alloy  400,  and  Ni  had  the  highest  resistance 
to  ignition  and  combustion  among  the  common  alloys  and  metals. 

Of  the  materials  tested,  stainless  steel  and  A1  are  the  least 
satisfactory  for  use  at  0 pressures  at  7500-psi,  A test  system 
was  constructed  to  evailuate  the  hazards  in  rapidly  charging  a 
65  in3  Ni-lined  vessel  with  high  pressure  0.  A series  of 
rapid  charging  tests  up  to  as  high  as  8000-psi  proceeded  with- 
out incident.  Electrostatic  charges  meeisiired  during  the 
charging  were  negligible, 

23,  "Determination  of  the  Burning  Rate  of  Small  Diameter  Aluminum  Wire", 
Charles  William  Friant,  M.S.  Thesis,  Virginia  Polytechnic  Institute, 
Blacksburg,  Virginia,  June,  1964. 

The  following  conclusions  were  drawn  from  the  results  of  this 
investigation : 

1,  The  burning  rate  of  alxuninum  ant  titanioim  can  be  determined 
using  infrared  sensitive  photo  conductive  cells  and 
electronic  counting  circuits, 
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2.  Under  the  conditions  present  during  this  investigation,  0.020” 
diameter  aluminum  wire  will  support  sustained  combustion  over 
a range  of  oxygen  mixtures  from  90  per  cent  to  100  per  cent. 

3«  Under  the  conditions  of  investigation,  with  mixtures  below 
90  per  cent  oxygen  and  above  70  per  cent  oxygen,  ignition 
and  combustion  of  0.020”  diameter  eiluminum  wire  will  occur 
but  the  melting  rate  of  the  metal  and  subsequent  formation 
of  aluminum  oxiae  exceeds  the  rate  of  vaporization  to  the 
extent  that  combustion  is  extinguished  rapidly. 

U.  Under  the  conditions  of  investigation,  for  atmospheric 
mixtures  below  70  per  cent  oxygen,  the  ignition  and  com- 
bustion of  0.020”  diameter  al\imin\ii!i  wire  does  not  occur. 

2U.  •’V^or-Phase  Diffusion  Flames  in  the  Combustion  of  Magnesium  and 
Aluminum”,  Progr.  Astronaut.  Aeron.  15,  1964. 

Part  I - Analytical  Developments,  T,  A.  Brzustowski  and  I.  Classman, 
pp.  75-117. 

A quasi-steady  vapor-phase  diff\xsion  flame  theory  is  applied 
to  the  droplet  combustion  of  Mg  and  Al.  The  two  can  bum 
in  the  vapor  phase  because  their  boiling  points  are  lower 
than  those  of  their  oxides,  whereas  metal-0  flame  temperatures 
are  otherwise  limited  to  the  boiling  points  of  the  respective 
oxides  by  the  high  heats  of  vaporization  or  of  dissociation 
upon  vaporization  of  the  oxides  (CA  58,  3263f).  The  theory 
is  modified  to  consider  flame  radiation,  mass  transport  of 
condensed  oxides  to  the  surroundings  (but  not  to  the  droplet 
surface),  and  metal  evaporation  from  the  droplet.  The  theory 
also  considers  the  diffusion  of  ambient  oxidizer  and  of 
vaporized  fuel  to  the  flame  zone,  and  heat  transfer  from  the 
flame  zone  to  the  droplet  surface  and  to  the  surroundings  by 
conduction  and  radiation.  The  fraction  of  oxide  vaporized  in 
the  reaction  zone  varies  with  ambient  0 concentration.  The 
metal  flames  are  non— adiabatic , owing  to  high  flame  emissiv- 
ities  resulting  from  the  presence  of  condensed  oxide  in  the 
reaction  zone.  Droplet  surface  temperatures  can  be  hundreds 
of  degrees  below  the  metal  boiling  points,  e.g.  300-800  or 
100-200®  lower  for  Al  or  Mg  respectively,  at  1-50  atmospheres. 

The  flame  zones  lie  very  close  to  the  droplets.  Calcxxlated 
evaporation  consistencies  of  Mg  and  Al  droplets  are  in  the 
range  of  values  observed  with  hydrocarbons,  e.g.,  0.002-0.0^0 
cm^/sec  for  10-500  Mg  droplets  at  1-50  atmospheres  and  about 
half  as  much  for  Al,  vs.  0.01-0.015  cm^/sec  for  hydrocarbons 
under  similar  conditions.  Biiming  rates  and  flame  radii  are 
readily  calculated.  The  analysis  ignores  droplet-cloud  inter- 
actions and  unsteady  effects,  convective  effects,  particle 
trajectories,  local  0 concentrations  and  thermodynamic  condi- 
tions, and  effects  of  chemical  reactions  other  than  oxide 
formation. 
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Part  II  - Experimental  Observations  in  Oxygen  Atmospheres,  Ibid, 
pp.  UT-I58. 

The  region  of  validity  of  the  analytical  treatment  was  investi- 
gated experimentally.  A1  wires  and  Mg  ribbons  were  burned  under 
static  conditions  in  dry  0-Ar  mixtures  at  50  mm  Hg  ABS.-30  atmos- 
pheres, The  amounts  of  0 present  were  always  in  excess  of 
stoichiometric  requirements.  The  samples  were  ignited  by 
resistance  heating,  at  17-^0  or  37-72  arrperes  for  Mg  or  Al, 
respectively.  Mg  ignited  in  the  vapor  phase  above  the 
ribbon;  the  initial  flame  speed  was  several  cm/sec,  e.g. , 

-^30  cm/sec  in  pure  0 at  1 atmosphere  and  2 cm/sec  in  20 
mole  0 at  75  mmr-Hg  ABS,  Al  ignited  when  the  accvunulated  oxide 
coating  melted  and  exposed  liqxiid  metal  to  the  oxidizing 
atmosphere.  Over  the  range  of  pressures  and  0 concentra- 
tions studied,  9 regions  were  observed  for  Mg  and  7 for 
Al,  in  which  different  combustion  phenomena  predominated. 

Maps  of  these  regions  are  presented  and  discussed.  Some 
of  them  are  characteristic  only  of  the  experimental  environ- 
ment. The  other  regions  are  e:q>lained  on  the  basis  of  photo- 
graphic and  spectroscopic  observations  and  of  the  nature  of 
the  combvistion  products.  The  analytical  model  seems  applicable 
to  Mg  ribbons  over  most  of  the  range  examined  and  to  Al  wires 
at  low  pressures,  Ilherever  the  model  and  the  observed  flame 
eigreed,  the  predicted  and  observed  flame  variables  also  agreed. 

The  sceJ-ing  between  particle  size  and  pressure,  as  based  on  the 
analytical  model,  suggests  that  the  vapor-phase  burning 
mechanism  may  be  significant  for  the  ranges  of  pressure  and 
particle  size  encovintered  in  the  combustion  of  metallized  rocket 
propellants . 

Part  III  - Experimental  Observations  in  Carbon  Dioxide  Atmospheres, 
A.  M.  Mellor  and  I.  Classman,  Ibid.,  pp.  159-176. 

Al  and  Mg  were  burned  in  CO2-O  and  C02-Ar  mixtures,  using  the 
same  procedures  and  analytical  methods,  over  a narrower 
pressure  range,  e.g,,  50  mm  — 2 atmospheres.  Anodized  Al  wires 
burning  in  CO2-O  exhibited  the  same  combustion  characteristics 
as  those  reported  in  0-Ar.  The  power  required  for  ignition  in 
CO2-O  decreased  with  increasing  CO2  concentrations  and  was  a 
minimum  in  pure  CO2.  Wlien  the  same  wires  were  b\amed  in  C02-Ar, 
cylindrical  vapor-phase  diffusion  flames  formed  prior  to  the 
breaking  of  the  electrically  heated  wire.  The  combustion  charac- 
teristics of  Mg  were  altered  more  appreciably  by  the  presence  of 
CO2,  e.g.,  the  region  of  non-i©iition  was  greater  for  CO2-O  than 
for  0-Ar,  and  Mg  would  not  bum  in  C02-Ar.  These  results  are 
attributed  to  the  ignition  characteristics  of  Mg.  The  absence 
of  any  CO  or  CO2  bands  in  the  Al  and  Mg  spectra  indicate  that 
the  reaction  mechanism  in  the  flame  is  heterogeneous,  as  in 
metal-C02  surface  reactions  at  lower  temperatures. 
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25.  "Inflammability  of  Explosive  Mixtures  by  Mechanically  Produced  Sparks", 
W.  Fischer,  Chem.  Tech.,  17(5),  1965,  pp.  298-299. 

A specisilly  constructed  application  is  described,  consisting 
of  a friction  application  with  a counterbedLanced  anvil.  The 
metal  sample  investigated  is  fastened  on  a wheel  cast  from 
construction-grade  steel.  The  wheel  is  rotated  by  means  of 
801  electrical  motor.  This  application  is  placed  inside  an 
explosion  chamber  with  an  80  1.  volume.  The  following  gas 
mixtures  were  tested:  CS2  and  air,  C2H2  and  H.  Various 

samples  of  steel,  bronze,  Al,  alloys,  and  metals  covered 
with  rust  were  investigated. 

26,  "Apparatus  for  Combustion  Tests  on  Metals  Under  Oxy^n  Pressures  Up 
to  200  atm,  and  the  Canbustibility  of  Iron  Wire  in  High  Pressure 
Oxygen",  Dr.  L.  Kirschfeld,  Ardiiv  f.  d.  Eisenhuttenw,  Vol.  36, 
November  1965,  pp.  823-826. 

The  combustibility  and  rate  of  combustion  of  iron  wire  of 
1 ram  euid  2 mm  diameter  in  high-pressure  0 up  to  200  atmos- 
pheres was  studied  by  using  a cylindrical,  steel  pressure 
vessel  with  a volume  of  3.8  1.  The  rate  of  combustion 
increases  linearly  with  the  square  root  of  the  0 pressure. 

With  iron  wire  of  1 mm  diameter,  evaporation  of  iron 
occurred  at  an  0 pressure  30  atm. 

27  • "The  Effect  of  Water  Vapor  Upon  the  Burning  Rate  of  Aluminum  and 

Magnesium  Wires",  W.  L.  Proctor  and  C.  tl.  Long,  Western  States  Sect. 
Carbust.  Inst.,  Paper  WSS-CI  Vol.  66,  1966,  pp.  35. 

Tests  of  rate  of  burning  of  Al  and  Mg  wires  indicated  that  the 
rate  increased  slightly  when  small  amounts  of  H2O  were  present 
in  atmospheres  of  0 and  N.  Teats  were  made  in  a reaction 
chamber  constructed  of  a 9 in  diameter  steel  pipe  15  in  long. 

0,  N,  and  steam  were  supplied  through  the  bottom.  Lucite  and 
^ass  slot  windows  were  located  in  the  side  of  the  chamber. 

The  test  wires  were  supported  vertically  in  the  chamber.  A 
W ignition  coil  with  3-5  tvims  was  wrapped  around  the  bottom 
of  the  test  wire  sample.  Inside  the  W coil  was  placed  a 
slightly  smaller  0.020  in  Al  wire  coil  to  keep  the  test  sample 
from  touching  the  W ignition  coil.  The  progression  of  the 
flame  was  measured  by  2 high-resistance  CdS  photoconduct ive 
cells  placed  4.1  cm  apart.  Also  a record  of  the  burning  was 
made  on  16  mm  film  at  32  frames  per  second.  The  rate  of 
burning  of  a 0.020  in  diameter  Al  wire  in  a dry  atmosphere  of 
92—98/2  0,  bsilance  N,  increased  aLLmost  linearly  with  increased 
0 at  speeds  of  6.0-8. 5 cm/sec.  With  100^  O2,  the  rate  was 
11,5  cm/sec.  In  an  atmosphere  containing  2%  H2O  and  92-98^ 

0,  the  rates  were  6.5-11.5  cm/sec.  In  an  atmosphere  containing 
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96%  0 and  H^O  0-3^,  the  rate  was  7.4-10.3  cm/sec.  Below  92% 

0,  ignition  of  A1  was  diffic\ilt.  A1  wire  0.40  in  diameter  in 
diy  atmosphere  of  96-100^  0 burned  at  rates  of  2. 4-4, 7 cm/sec. 

The  rate  of  burning  of  a 0.030  in  diameter  Mg  wire  in  a dry 
atmosphere  of  50-100/^  0,  the  burning  rates  were  1. 5-6,1  cm/sec. 

In  an  atmosphere  contfdning  80^  0 and  H2O  0-35?,  the  rate  was 
2»2“3.4  cm/sec.  At  50^  0 with  2%  H2O,  there  were  no  failures 
in  ignition  of  Mg  wire,  whereas,  in  a dry  atmosphere  6o^  of 
the  r\nis  resulted  in  ignition  failure.  With  slight  amounts 
^2^  present , test  runs  of  Mg  wire  were  conducted  as  low  as 
28^  0.  The  presence  of  H2O  seemed  to  stabilize  combustion. 

28.  White,  E.  L.,  and  J.  J.  Ward,  "Ignition  of  ^fetals  in  Oxygen",  Defense 
Metals  Information  Center,  Battelle  Memorial  Institute,  Columbus,  Ohio. 
EMIC  Report  224,  February  1,  1966. 

Summary  and  Conclusions 

The  ignition  of  metals  in  oxygen  and  oxygen  atmospheres  was 
reviewed  from  the  viewpoints  of  (a)  methods  that  have  been  used 
to  study  behavior,  (b)  experimental  values  that  have  been 
obtained,  and  (c)  the  status  of  theories  that  permit  the  cal- 
culation of  ignition  temperatures. 

While  no  clearcut  definition  of  ignition  temperature  has  been 
developed,  it  appears  probable  that  a definite  or  an  absolute 
ignition  temperature  does  exist  for  a particvilar  metsd-oxygen 
system.  In  general  terms,  if  the  energy  input  8is  converted 
to  heat  is  greater  than  the  heat  dissipation,  a ten5)erature 
will  be  reached  at  which  ignition  of  the  metEil  will  occur. 
Practically,  this  temperature  appears  dependent  on  many  factors 
some  of  which  are  relatively  static  (e.g. , atmosphere,  composi- 
tion, purity,  metal  surface  area  and  condition,  etc.)  and 
others  that  may  be  dynamic  (e.g.,  pressure,  inpact,  impact 
velocity,  vibration,  etc.).  No  standard  test  procedures  or 
methods  have  been  developed  to  evaluate  the  ignition  tempera- 
tures of  metals.  The  net  restxlt  is  that  varying  values  have 
been  reported  for  the  same  or  similar  metal— oxygen  systems. 

Despite  these  differences,  the  following  generalizations  can 
be  offered  on  the  basis  of  the  experimental  evaluations 
performed  to  date: 

(1)  All  metals,  with  the  possible  exception  of  gold 
and  platinum,  cam  be  expected  to  ignite  in  oxygen 
at  some  elevated  temperature. 

(2)  Alloys  of  several  systems  have  been  shown  to  ignite 
in  oxygen  systems  at  relatively  low  temperatiures  and 
some  at  LOX  temperatures  if  some  extemad  source  of 
energy  input  is  present.  GeneraJLly,  the  presence  of 
a fresh  metaLl  stirface  is  also  necessary  to  cause 
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ignition  at  these  low  temperatures.  These  ignition- 
sensitive  alloy  systems  include  the  alloys  of 
titanium,  zirconium,  thorium,  liranium,  lead,  tin, 
and  magnesium. 

(3)  A number  of  secondary  energy  injnit  sources  have  been 
shown  to  cause  ignition  of  these  sensitive  alloys  in 
oxygen  systems.  These  sources  also  probably  produce 
a fresh  metal  surface  and  are  identified  as  follows: 

In  Gaseous  Oxygen 

Electric  spark 
Puncture 

In  Liquid  Oxygen 

Mechanical  impact 
Explosive  shock. 

(^)  A number  of  other  methods  of  secondary  energy  input 
and  methods  of  exposing  fresh  metal  do  not  produce 
ignition.  These  are  as  follows: 

In  Gstseous  Oxygen 

High-velocity  flow 

Low-cycle  fatigue  cracking 

Impact  on  the  outside  of  a container 
without  puncture 

High-velocity  flow  through  a small 
ori  f i ce 

Rapid  pressurization 
In  Liquid  Oxygen 

Impact  on  the  outside  of  a container 
without  punctxire 

Rapid  pressurization 

Machining 

Friction  and  galling 

Tensile  rupture 

MechEinical  vibration 

Sonic  vibration 

Ultrasonic  vibration 

High-velocity  flow  through  an  orifice. 
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(5)  An  increase  in  pressure  of  a gaseous  oxygen  system 
tends  to  promote  ignition  at  lower  temperatiires  or 
with  lower  secondary  energy  inputs.  Tlie  dilution  of 
oxygen  with  an  inert  material,  gaseous  or  liquid, 
tends  to  reduce  sensitivity  of  metals  in  oxygen  sys- 
tems. However,  propagation  is  not  affected  much 
until  the  dilution  is  very  great,  on  the  order  of 

90  percent  inert  gas  or  liquid. 

(6)  A nvunber  of  alloy  systems  have  been  shown  to  be 
relatively  insensitive  to  ignition  in  an  oxygen 
environment  either  at  high  temperatures  or  at  low 
temperatures  with  high  secondary  energy  inputs. 

These  aJ-loy  systems  include;  austenitic  stainless 
steels,  nickel  alloys,  cobalt  alloys,  copper  alloys, 
and  silver  alloys.  Alloys  of  tnese  systems  show  the 
best  service  record  and  also  show  the  least  sensi- 
tivity in  laboratory  tests. 

(T)  Another  group  of  alloys  appears  to  be  somewhat 

intermediate  between  the  sensitive  and  insensitive 
groups  cited  in  Items  2 and  6.  This  group  includes 
aluminum  alloys,  the  400  series  stainless  steels, 
and  carbon  and  low-alloy  high-strength  steels.  These 
materials  would  be  ejq)ected  to  find  limited  use  in 
relatively  nonsensitive  applications. 

A review  of  the  theoretical  analysis  of  the  spontaneous  ignition 
of  met 81.8  in  oxygen  has  shown  the  following; 

(1)  A theoretical  model  for  the  spontaneous  ignition  of 
massive  metal  in  gaseous  oxygen  at  hi^  temperatures 
(above  1500  F)  has  been  developed,  based  on  low- 
temperature  oxidation— react ion  data  and  thermo- 
physical  property  data. 

(2)  Several  theoretical  models  for  the  calculation  of 
ignition  teraperat\ire  of  metal  particles  in  gaseous 
oxidation  have  been  developed  that  aigree  qualita- 
tively. These  models  explain  why  particle  radius 

is  ein  importsuit  variable  in  p>owder  combustion.  Much 
of  this  work  has  been  directed  to  the  application 
of  metal  powder  as  a fuel. 

(3)  Practically  no  quantitative  method  is  available  for 
the  cedciilation  of  ignition  temperatures  of  massive 
metal  in  cryogenic  oxidizers,  such  as  liquid  oxygen. 
Several  good  qualitative  descriptions  of  the  possible 
mechsmism  for  massive  metal— liquid  oxygen  reactions 
have  been  made.  For  this  reason,  the  possible  role 
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of  shock  loading  and  energy  input  sufficient  to  give 
1oc€lL  ignition  temperatures  has  been  considered  and 
reviewed  in  this  report. 

In  the  development  and  discussion  of  theoretical  calculational 
models,  a number  of  thermochemiceil  and  thermophysical  constants 
are  required.  Therefore,  a literature  search  was  made,  and  a 
compilation  of  data  for  these  ccnstants  was  given.  The  data 
included  standeurd  free  energy  of  oxide  formation  as  an  extent 
of  metal-oxygen  reaction.  Also,  heat-capacity  values,  vapor- 
pressure  data,  and  thermophysical  properties  of  melting  and 
boiling  points  were  included.  Thermal-conductivity  values  of 
metals  and  oxides  were  included  when  they  could  be  foxind.  Heats 
of  metal-oxide  formation  were  tabulated.  These  values,  with 
heat-capacity  data,  were  used  in  ceilculating  temperature  rise  on 
reaction. 

For  those  who  may  be  interested  in  pursuing  the  theoretical- 
calculation  ignition  temperatures,  this  report  also  summarizes 
the  following  thermochemical  and  thermophysical  data  for  most 
metals  and  their  oxides: 

(a)  Standard  free  energy  of  formation 

(b)  Heat  capacity 

( c ) Vapor  pres  sure 

(d)  Melting  and  boiling  points 

(e)  Thermal  conductivity. 

’^Techniques  for  t^ie  Stud)^  of  the  Combustion  of  Metals",  A.  S.  Gordon, 

C.  M.  Drew,  J.  L.  Prentice,  and  R.  M,  Knipe,  U.  S.  Naval  Ordnance  Test 
Station  China  Lake,  California,  i\merican  Institute  of  Aeronautics  and 
Astronautics , New  York,  New  York  pp.  1-6,  January  23-26,  1967. 

Only  small  metal  particles  with  high  heats  of  combustion  are  of 
interest  in  propellants.  The  self-sustained  combustion  of  metal 
occurs  at  nigh  temperatures,  making  details  of  the  process  diffi- 
cult to  measiure.  High  response  instrumentation  such  as  streak  and 
high  speed  photography,  and  spectroscopic  methods  are  employed  to 
obtain  information  on  the  kinematics  of  combxistion.  Further  com- 
bustion details  are  obtained  by  quenching  the  burning  configuration 
which  can  be  studied  using  optical  and  electron  microscopy,  including 
scanning  electron  microscopy.  The  exi>erimental  results  point  out 
shortcomings  in  the  combustion  model  in  current  use.  The  mechanism 
of  the  ignition  is  of  great  importance,  both  in  engineering  practice 
and  in  research  studies,  since  the  products  of  preignition  reaction 
can  remain  on  the  surface  and  affect  the  subsequent  self-sustained 
burning.  Ignition  has  been  investigated  using  hot  gases,  electrically 
heated  wires,  and  flash  radiation.  The  physical  properties  of  the 
metal  and  its  products  determine  the  mecahnism  of  the  reaction.  The 
greatest  area  of  Ignorance  in  metal  combustion  is  the  identification 
of  reaction  products  and  their  properties  as  a function  of  temperature 
and  composition  of  the  environment. 
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30*  "Combustibility  of  Metals  in  Oxygen  up  to  200  at)n.  Pressure", 

Dr.  L.  Kirschfeld,  Metall,  February  1967,  pp,  98-102. 

The  results  of  older  combustion  experiments  with  A1  wire 
are  confirmed  in  new  test  apparatus  up  to  100  atm.  of  0.  At 
125  atm.  9 the  combustion  velocity  exceeds  a maximum  and  then 
falls  to  that  at  200  atm.  In  this  range,  transport  velocity 
is  probably  limiting  for  the  combustion  velocity.  Cu,  brass, 
and  Sn-bronzes  bum  up  to  200  atm.  of  0 partial  pressure  if 
they  are  ignited  by  hot  primers.  The  reaction  ceases  in  all 
cases  if  the  slag  Ivmip  sticks  to  the  point  of  combustion.  At 
high  pressures,  Zn  wires  bum  with  constant  velocity  over  their 
entire  length.  At  1-atm.  0 pressure,  the  melting  process 
requires  a higher  combustion  velocity.  Pure  Co  wires  bum 
freely  at  higher  0 partial  pressures,  but  slower  than  Fe. 

Igiition  difficulties  occur  at  lower  partial  pressures.  Pure 
N1  wires  could  not  be  ignited  at  0-200  atm.  By  intertwining 
with  wires  of  other  metals  or  alloying  with  these,  Ni  wire 
can  also  be  burned  in  pure  0. 

31.  "The  Combustion  of  Metals",  Final  Report,  July  1,  1964  to  June  30,  1966, 
James  G.  Hansel,  Arthur  M.  Mellor,  and  Harry  F,  Sullivan,  Princeton 
University,  Princeton,  New  .Jersey,  flay  1967. 

This  research  is  concerned  with  the  details  of  the  interactions 
between  metals  and  oxidizers  which  occur  at  elevated  temperatures. 

A fundamental  distinction  between  oxidation  and  self-sustained 
combustion  permits  detailed  classification  of  the  observed  phen- 
omena and  lends  insight  into  the  appropriate  ignition  reactions 
as  well.  Earlier  studies  at  Princeton  revealed  that  certain 
fundamental  criteria  generedly  divided  metals  into  two  categories: 
those  that  burned  by  condensed  phase  reactions  and  those  that 
reacted  largely  in  the  vapor  phase.  The  research  described  herein 
involves  metals  of  both  categories.  The  condensed  phase  conbustion 
of  molybden\im  and  tantalum  was  studied  experimentally  and  the  re- 
sults compared  with  thermodynamic  predictions  as  well  as  with  the 
results  of  other  investigators.  Experiments  with  calciiim  have 
indicated  that  the  generally  accepted  model  of  the  structure  of 
vapor  phase  metal  diffusion  flames  may  not  be  correct.  This  ex- 
periments! finding  allows  other  combustion  models  to  be  formulated 
which  include  heterogeneous  reactions  on  condensed  oxide  particles 
and  chemiluminescent  radiation. 
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32.  ’’Ccmbustibility  of  Steel  and  Cast  Iron  in  Oxygen  at  Pressures  of  Lip  to 
150  atms.".  Dr.  L.  Kirschfeld,  Archiv  f.d.  Disenhuttenw,  Vol.  39,  1968, 
#7,  pp.  535-539. 

Tlie  combxistibility  of  structural  materieds  which  are  used  for 
pipelines , compressors , and  other  equipment  in  contact  with  0 
was  studied.  These  included  wire  of  plain  C steel  (C  0,05- 
0.965J),  low-alloy  steel  (CO. 11-0. 15,  Si  0.11-1.02,  Mn  0.27- 
0.91,  Cr  2.29-3.06,  Mo  O.UU-0.92^) , and  Cr-Ui  steel  (Cr  20-28, 

Ni  8-21/S).  Combustion  tests  were  in  a high  pressure  vessel 
of  3.81  vol,  at  0 pressure  of  1-150  atm.  Cast  iron  rods  (C 
3.5^)  were  tested  at  an  0 pressure  of  1-26  atm.  Measurements 
of  rates  of  combustion  were  compared  with  those  of  soft  low 
C steel  wire  (C  0.0i+-0.07^).  Plain  steel  with  higher  C content 
and  low  alloy  steel  burn  at  the  same  rate  as  low  C steel.  Cr-Ni 
steels  bum  more  rapidly  than  low  C steel  but  combustion  of  low 
C steel  is  slower  at  higher  pressvures  due  to  evaporation  of 
alloying  elements.  Combustion  of  cast  iron  is  very  slow  and 
ceases  at  low  0 pressures,  dense  oxide  fumes  being  formed  due 
to  the  high  C content  of  cast  iron, 

33.  "Studies  on  Combustibility  and  Ignitability  of  Metal  Tubing  in^^ 
Staticnaiy  and  Flowing  Oxygen",  Sinion,  Verein  Deutscher  Eisenhutten- 
leute  Bericht  No.  140,  1968,  pp.  116. 

Introduction 


Ffilliires  of  fittings  and  pipelines  have  occurred  during  large- 
scale  use  of  pure  oxygen.  Evaluation  of  available  data  on 
combustibility  of  metallic  materials  does  not  allow  recommenda- 
tions to  be  made  relating  to  selection  of  suitable  materials  for 
service  in  oxygen  systems. 

In  order  to  establish  further  data  on  combustibility  of  metallic 
materials,  tests  were  made  on  tubing  in  lU  different  metals  to 
establish  characteristics  of  ignitability  and  combustibility  of 
the  different  materials. 

Summary  of  Results 

The  object  of  tne  present  research  was  the  establishment  of 
justifiable  recommendations  relating  to  which  metallic  materials 
are  to  be  used  preferentially  for  safety  reasons  in  oxygen 
fittings,  and  which  materials  are  to  be  avoided.  In  order  to 
meet  this  purpose,  tests  were  planned  on  tubing  in  lU  different 
materials  and  these  were  performed  and  evaluated.  A final 
assessment  of  the  materials  in  the  light  of  their  thermal. 
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chemical  and  mechanical  properties  led  to  derivation  of  the 
required  data.  Evaluation  was  based  particularly  on  the 
comparative  properties  of  the  materials  \mder  test,  which 
characterized  the  method  of  investigation  and  the  shape  of 
specimens  \ised;  absolute  assessment,  based  on  the  experimental 
results,  did  in  general,  not  prove  feasible. 

The  following  viewpoints  were  considered  in  evaluation  (Table  l): 

1.  What  is  the  period  tj^^^  in  which  the  critical  tube  surface 
temperature  ( for  ?he  alviminiuti  alloys  ■^Mm  Dk)  is 

attained  (Columns  3 and  U)? 

2*  What  VO  lime  losses  are  suffered  by  the  materials 
on  bum -through  (Columns  5 and  6)? 

3.  What  is  the  quantity  of  heat  absorbed  by  the  tube  wall 

xintil  the  end  of  the  period  tMlm  the  case  of  aluminum 
alloy  (Column  7)? 

U,  What  is  the  dependence  of  the  bum-through  reaction  on 

oxygen  pressures  P02  ®^d  tube  wall  thickness  *^s”  (Columns  8, 

9 and  10)? 

What  is  the  general  combustion  response  (Column  11)? 

The  answers  to  these  five  problems  do  not  give^  for  the  various 
materials,  a clear-cut  positive  or  negative  result;  it  is  e.g*, 
XK)8sible  that  a favorable  thermal  behavior  is  accompanied  by 
"unfavorable  mechanical  properties*  The  viewpoints  of  the  separate 
evaluations  must  be  assessed,  as  far  as  significance  is  concerned, 
€Lnd  be  summarized  in  an  overall  assessment  of  the  material*  This 
overall  assessment  applies  for  the  given  experimental  conditions, 
during  which  the  material  preheated  to  the  ignition  temperature 
was  exposed  initially  to  stationary  and  subsequently  flowing 
oxygen* 

Table  1,  Column  2,  gives  the  order  of  merit  in  which  the  ih 
materials,  commencing  with  copper,  are  suitable  for  oxygen  plant. 
Copper  is  the  most  suitable  material  because,  in  contrast  to  the 
remaining  13,  no  bum-through  could  be  induced  under  the  standard 
conditions  of  test.  A high  wall  thickness  has  a severely  inhibi- 
ting effect  on  ignition,  since  tubing  with  s = 5.0  mm  could  not 
be  burned  through,  even  at  Uo  atm.  In  addition,  copper  still 
retains  good  mechaniceuL  properties  on  heating. 
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Among  the  group  of  materials  which  continue  to  hum  only  with 
external  supply  of  heat  (Nos.  1-12,  Column  11),  copper  is 
followed  hy  ferritic  chromium  steel  (No.  2)  and  austenitic  chromitim- 
nickel  steel  (No.  3)  which  give  the  best  results.  It  is  true  that 
these  two  materials  have  higher  volume  losses  (bulk  losses)  V eind 
V,  (Columns  5 and  6)  them  copper  alloys  (Nos.  U-8),  but  the  ” 
critical  temperatures  Mik  (Column  4)  are  higher  and  the  reaction 
period  tMim  is  longer  than  for  the  copper  alloys.  F\irthermore , 
for  tubing  having  a wall  thickness  s = 5.0  mm  (Colvmm  10), 
bum-through  is  to  be  expected  for  Steels  Nos.  2 and  3 only  at 
a pressure  of  4o  atm.,  while  the  copper  alloys  lead  to  the 
expectation  of  a reaction  at  l6  atm.,  as  shown  for  the  material 
Rg  10.  A higher  wall  thickness  of  tubing  in  the  two  steels  has 
an  appreciably  greater  effect  in  inhibiting  ignition  than  found 
for  the  copper  alloys . The  above  steels  also  lead  to  the  expec- 
tation of  better  behavior  at  10  atm  than  found  for  copper  alloys 
(Column  8).  Material  3 suffered  only  occasional  biim-throu^  at 
10  atm,  whereas,  tubing  in  the  copper  alloy  No.  7 always  burned 
through  at  10  atm,  and  a simileu*  behavior  is  to  be  expected  for 
Materieils  4,  5,  6 and  8. 

Within  the  group  "copper  eilloys"  brasses  have  more  favorable 
'^m*  \ values  (Columns  3,  5 and  6)  than  bronzes  8uid 

gun  metals,  anci  are  therefore,  to  be  preferred.  The  differences 
between  Materials  4-8  are,  however,  not  significant. 

Flake  graphite  iron  (No.  9)  is  superior  to  spheroidal  graphite 
iron  (No.  10);  the  total  volume  loss  V^,  the  relative  volume 
loss  V.^^,  the  temperature  mIK  the  absorbed  heat  are 

more  favorable  in  Material  No.  9 than  in  Materiel.  No.  10.  In 
tubing  of  GGG  38  having  a wetll  thickness  of  s = 5»0  mm,  bum- 
through  was  Eilways  found  at  l6  atm,  while  similar  tubing  in  GG 
26  reacted  only  above  4o  atm. 

Among  the  group  of  materisils  which  do  not  sustain  combustion,  the 
most  unfavorable  response  was  foimd  in  aluminum  alloys:  it  proved 

possible  to  establish  only  the  reaction  period  tjj  and  not  values 
of  Imi*  but  even  with  these  values  (tj^  '*'M1^»  materials  Nos.  12 

and  13  have  the  shortest  reaction  period.  Fviiihennore , the  reaction 
temperatures  dk  lowest  of  all  temperatures  recorded.  The 

total  volume  loss  Vj„  is  not  partlcvilarly  high,  but  the  relative 
volume  loss  Vm.  which  is  a better  comparative  parameter,  is  higher 
than  that  of  all  other  materials,  with  the  exception  of  Steels  Nos. 

13  and  l4.  Aluminum  alloy  tubing  having  a wall  thickness  s = 5.0  mm, 
will  reliably  burn  through  at  l6  atm  (Column  10).  Increased  wall 
thickness,  therefore,  does  not  reduce  the  danger  of  a bum-through 
reaction.  A further  disadvantage  is  that  the  voltime  loss  Vj^ 
increases  significantly  with  increasing  oxygen  pressure  (Colvunn  9). 
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The  least  suitable  from  a safety  point  of  view  are  uneLlloyed  (No.  lU) 
8uid  low-alloyed  steels  (No,  13)*  since  flowing  oscygen  initiates-- 
once  these  two  steels  have  been  heated  to  the  ignition  temperature— 
a self-supporting  combustion  reaction.  The  voliane  loss  (Column  5) 
is  greater  in  the  alloy  steel  30  Cr  fto  V 9 them  found  for  the  con- 
structional steel  St  35,  because  the  St  35  tubing  was  expelled  more 
frequently  from  the  test  stand  during  combustion  euid  consequently 
had  not  been  exposed  for  a similarly  long  period  in  the  oxygen 
streeun  em  had  the  eilloy  steel  tubing;  the  alloy  steel,  however, 
reacted  less  frequently  under  conditions  of  secondary  combustion 
than  did  the  carbon  steel,  because  the  presence  of  chromium  and 
molybdenum  acted  as  combustion  inhibitors.  The  unfavorable 
behavior  of  Materials  Nos.  13  and  lU  is  further  not  reduced  by 
the  fact  that  St  35  tubing  cannot  be  made  to  bum  through  at 
10  atm  (Column  9)  and  that  reaction  at  a wall  thickness  s = 5.0 
mm  occurs  only  at  HO  atm  (Colvimn  10).  Furthermore,  the  extended 
heating-up  period  T of  the  two  materials  (Column  3)  and  the 

high  temperatures  of  reaction  (Column  U)  cannot  hide  the 

fact  that  these  two  steels  exiiibit  the  most  vigorous  reaction 
once  combustion  has  initiated. 

3^.  "The  InfleUnmability  and  Combustibility  of  Metal  Tubes  in  Quiet 
and  Circulating  Oxygen",  Wolfgang  Simon,  Stahl  und  tisen  88, 

No.  20,  October  3,  1968. 

This  article  is  a condensed  version  of  the  item  in  this  bibli- 
ography identified  as  "Studies  on  Comb\istibility  and  Ignitability 
of  Metal  Tubing  in  Stationary  and  Flowing  Oxygen",  Simon,  Verein 
Deutscher  Eisenhuttenleute  Bericht  No.  lUo,  1968,  pp.  Il6. 

35.  "Experimental  Determination  of  the  Ignition  Temperatures  of  Metallic 

Materials  in  the  Presence  of  Gaseous  Oxygen",  L.  Ya.  Nesgovorov,  Yu.  A. 
Prozorov,  and  V.  G.  Kholin,  Latv.  PSR  Zinat.  Akad.  Vestis  Fiz.  Teh. 

Zinat.  Ser.,  Vol.  1,  1968,  pp.  70-74. 

An  automatic  recording  device  and  the  procedure  for  determining 
the  mininmm  ignition  temperature  of  structural  steels  under 

conditions  approaching  practical  usage  is  described.  In  an 
atmosphere  of  0 at  pressures  of  10°  to  12  x 10°  newtons/m^,  the 
specimens  shaped  as  for  tensile  strength  tests  were  heated  for 
different  lengths  of  time  at  temperat\u*es  up  to  the  m.p. 
and  load  up  to  the  breaking  load,  was  applied.  Ijgiition  was 
observed  visually  or  by  moving  pictures.  The  coefficient  of 
workability  (n  - Tign/Tj^^p^)  of  steels  EI696,  EYalT,  and 
ElkU5P  decreased  linearly  as  the  pressure  increased.  Ignition 
was  associated  with  tensile  rupture. 
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36,  "Materials  Conqiatibility  for  Caseous  Oxygen  Systems",  Materials  Testing 
Branch  Analytical  Laboratories  Division  SO-LAB-4,  Room  1213,  MSOB  Kennedy 
Space  Center,  Florida,  November  5,  1969. 

For  this  reason,  the  Materials  Testing  Branch  (ifTB)  conducted  a 
literature  search  to  ascertain  the  compatibility  of  materials  for 
use  in  gaseous  oxygen  and  oxygen  enriched  environments.  This 
docxunent,  based  on  that  literature  search,  includes  information 
obtained  by  telecon  with  several  companies  and  other  government 
Etgencies  in  addition  to  those  sources  listed  in  the  bibliography. 
However,  a great  amoimt  of  information  heis  been  generated  by  the 
companies  which  is  generally  treated  as  company  confidential  and 
W8IS  not  made  available  for  this  report. 

37.  "Tribochemical  Lffects  in  Tedmology  Ignition  of  Metal  Combustion  by 
Tribochemical  Reaction",  (L  Meinicke  and  II.  Hazenz,  Technik,  May  1969, 
pp.  313-319. 

Extended  protection  against  a tribochemically  caused  fire  in 
oxygen  plants  can  only  be  obtained  throxigh  proper  constructive 
measures,  by  choice  of  specific  materials  and  an  intense  piiri- 
fication  of  the  propelling  gases  to  prevent  the  accvunvilation  of 
fine  particles  or  the  forming  of  covering  layers,  especieLIly 
on  the  inner  walls  of  the  compressors  and  other  greatly  stressed 
baffles.  Oxygen  plants  are  often  washed  with  nitrogen  before 
start-up  to  prevent  fires.  As  the  tests  in  article  3 show,  with 
iron  alloys  at  inert  gas  atmosphere,  the  chemical  activity  often 
increases,  which  on  their  part  increase  the  combustibility  of  a 
number  of  metals  by  switching  to  oxygen.  For  this  reason  the 
flushing  of  oxygen  plants  shovild  be  conducted  with  air  or  wita 
an  oxygen-nitorgen-mixture , which  still  contains  10^  oxygen. 

It  was  noted  that  with  pre-grinding  of  manganese  in  air  the 
combustibility  of  the  obtained  powder  was  reduced  greatly  in  con- 
trast to  manganese  which  was  not  pre-ground.  An  important  factor  to 
consider  is  the  prevention  of  corrosion  in  the  interior  of  oxygen 
plants,  because  corrosion  is  practically  always  combined  with  the 
appeareince  of  small  particles.  However,  no  aluminum  lacquer  may 
be  used  as  corrosion  prevention,  because  a high  combustibility 
exists  owing  to  the  tribochemically  released  thermite  reaction. 

Last  but  not  least,  the  selection  of  materials  also  determines 
the  combustibility  in  oxygen  plants. 

Practical  experiences  have  shown  that  in  consideration  of  these 
factors  the  combustibility  is  greatly  reduced  and  it  is  possible 
to  control  the  from  a chemical  point  of  view  strong  metastable 
systems.  For  complete  quantitative  comprehension  of  the  causes 
leading  to  fires,  an  intensive  research  still  has  to  be  conducted 
in  the  future  in  the  interest  of  increaising  the  safety  of  oxygen 
plants . 
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’•Heterogeneous  Reaction  Processes  in  Metal  Conbustion”,  G,  ll.  Markstein, 
Cornell  Aeronautical  Laboratory  Inc.,  Buffalo,  N.  Y.,  1969. 

Metals  bum  predominantly,  and  in  some  cases  exclusively,  by 
heterogeneous  reactions,  since  both  the  fuel  and  the  products 
are  usually  in  the  condenser  state.  In  metal  combustion,  trans- 
port processes  exert  at  least  a peirtiedly  controlling  influence, 
and  the  usual  techniques  of  metal-combustion  reseeirch  ere  there- 
fore not  well  suited  for  obtaining  information  on  reaction  kinetics. 
Current  knowledge  of  rates  and  mechanisms  of  these  reactions  is 
therefore  extremely  limited.  However,  assuming  a collision  ef- 
ficiency of  0.1,  one  can  show  that  surface  reaction  rates  becomes 
rate-controlling  for  characteristic  dimensions  less  than  roughly 
UO  mean  free  paths.  A knowledge  of  reaction  kinetics  is  therefore 
of  interest  if  one  is  concerned  with  processes  at  the  surface  of 
small  particles,. 

This  paper  deals  primarily  with  the  case  of  vapor-phase  burning, 
in  view  of  its  importance  in  practical  applications.  In  this  case, 
heterogeneous  reaction  of  metal  vapor  and  oxygen  (and  possibly  of 
volatile  oxide  species)  may  take  place  at  the  surface  of  growing 
oxide  smoke  particles,  in  competition  with  homogeneous  gas-phase 
reaction  followed  by  condensation.  The  relative  importance  of 
the  heterogeneous  and  homogeneous  reaction  paths  is  currently  the 
subject  of  some  speculation  and  controversy.  In  this  connection, 
a knowledge  of  the  collision  efficiency  of  the  heterogeneous  reaction 
would  be  of  considerable  interest.  For  the  Mg-02  reaction,  the 
author  previously  derived  an  average  collision  efficiency  of  0.075, 
but  this  value  cannot  be  regarded  as  very  reliable.  Results  obtained 
by  a recently  developed  method  indicate  larger  values,  probably 
exceeding  0,3* 

The  mechanism  of  the  reaction  of  metal  vapor  and  oxygen  at  the  oxide 
is  unknown.  However,  from  analogy  with  chemisojrption  and  catalysis 
oxide  surfaces,  it  is  suggested  that  electron  transfer  plays  an 
important  role,  and,  under  some  conditions,  may  become  rate-con- 
trolling.  Observations  of  luminescence  and  of  anomalous  electron 
emission  during  reaciton  of  Mg  vapor  and  oxygen  at  the  oxide  surface 
have  provided  evidence  for  electronic  excitation  in  the  oxide  layer. 

39.  "Burning  Tests  on  Centrifugal  Pumps  for  Liquid  Oxygen"  H.  Bauer,  W.  Wegener, 
K.  F.  Windgassen,  Kaltetechnik-Klimatisierung,  No.  4,  1970. 

In  order  to  clarify  under  which  conditions  fires  or  explosions  in 
centrifugal  pvimps  for  liquid  oxygen  may  occur,  tests  with  pumps  of 
alumin\im,  bronze  and  stainless  steel  alloys  have  been  conducted. 

The  test  results  have  shown  means  against  accidents. 
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Uo.  "Review  of  Factors  Affecting  Ignition  of  Metals  in  Iligji  Pressure  Oxygen 
Systems",  J.  H.  Kimzey,  NASA-1>1X-67201,  October  28,  1970. 

As  a results  of  the  Apollo  13  supercritical  oxygen  tank  incident,  a 
literature  survey  was  conducted  to  determine  the  availability  of 
data  concerning  ignition  of  metals  in  liquid  or  high  pressxa*e  oxygen 
environments.  This  paper  provides  brief  summaries  of  the  reported 
data  with  emphasis  being  given  to  the  effects  of  oxygen  concentration; 
total  pressure;  convection,  including  zero  gravity;  oxygen  percentage; 
and  nalogenated  compounds  on  ignition. 

Materials  in  contact  with  supercritical  oxygen  in  the  Apollo  oxygen 
system  include  both  metals  and  non-metals.  Criteria  for  selection 
included  the  results  of  various  tests,  based  primarily  on  mechanical 
impact.  One  such  type  is  the  drop  test  whereby  72  ft-lbs  of  energy 
are  imparted  against  a striker  in  contact  with  the  specimen  submerged 
in  liquid  oxygen  (LOX)  at  atmospheric  pressure.  Another  test  simulates 
meteorites  puncturing  a LOX  tank.  In  some  instances,  successful  usage 
for  thousands  of  hours  also  reinforced  the  confidence  in  using  specific 
materials. 

^1«  "Fire  tests  on  Centrifugal  Pumps  for  Liquid  Oxygen",  H.  Bauer,  W.  Wegener, 
and  K.  F.  Windgassen,  Cryogenics,  June  1970,  pages  241-248. 

All  the  pump  casing  and  impeller  materieils  investigated  here  are 
combustible  in  oxygen.  The  quantity  of  heat  liberated  in  combustion 
rises  in  the  sequence:  bronze,  chrome-nickel  steel,  aluminum  alloys 

(see  Table  2),  while  the  ignition  temperatures  become  correspondingly 
lower.  The  fire  hazard  consequently  increases  in  this  order  too. 

The  metallic  abrasion  particles  resulting  from  catching  inside 
the  pump  ignite  more  resuiily  than  the  solid  material  (compare 
this  with  the  section  on  ignition  temperatures).  Hence  ignition 
starts  preferentially  on  the  abrasion  particles.  Consequently 
ignition  may  occur  due  to  frictional  heat  when  the  temperature 
in  the  casing  or  impeller  is  still  below  the  ignition  temperature 
of  the  solid  metal.  This  is  one  explanation  for  the  brief  temp- 
erature rises  frequently  observed  in  the  tests,  which  occured 
when  the  gas  phaae  or  at  least  cavitation  was  present  in  the  pump. 

It  can  therefore  be  assumed  with  certainty  that  the  fires  occurring 
in  the  aluminum  and  chrome— nickel  steel  pumps  in  the  gas  phase 
were  triggered  by  burning  abrasion  particles.  As  the  friction  was 
steadily  aggravated,  these  p8u*ticles  finally  appeared  in  such  high 
concentrations  that  ignition  of  the  impeller  and  casing  resulted. 

The  non-appearance  of  fire  in  the  bronze  pump  was  due  to  the  good 
thermal  conductivity  of  this  material,  and  the  relatively  low 
temperature  of  the  bui*ning  abrasion  particles  resulting  from  the 
low  combustion  heat. 


3/72 


JDjkfq 


^1+3- 


7^  "iRlOC&icU  am/  {%emica/4^ 


I -V 


U2. 


U3. 


Bronze  emerged  favorably  from  the  safety  aspect,  for  despite  high 
mechEinical  stressing  leading  to  destruction  of  the  impeller  and 
fraction  of  the  shaft,  no  fire  occurred. 


Chrome— nickel  steel  and  aluminum  silloys  proved  to  be  less  suitable 
from  the  safety  criterion,  for  fires  were  induced  with  both  materials. 
Bronze  casings  and  Impellers  provide  the  greatest  security  against 
fire  and  explosion  demage. 

"Recent  Experimental  Results  on  the  Combustion  of  Aluminum  and  Other 
Metals”,  Marcel  Barrere,  Nations  Aeronautics  and  Space  Administration, 
Washington,  D.  C.,  July  1970. 


The  study  of  the  combustion  of  metals  has  recently  become  important 
since  they  are  used  as  a fuel  in  modem  rocket  propulsion  systems. 

The  ignition  delay,  burning  time  of  metal  particles,  combustion 
efficiency,  and  the  nature  of  the  combustion  products  considered 

in  this  paper.  TJhe  first  part  is  devoted  to  the  experimental  tech- 
niques \ised  for  the  study  of  metal  combustion.  Metal  particle  com- 
bustion and  the  combustion  of  metal  wires  are  considered.  For  the 
first  group  some  static  methods  were  developed,  the  metal  particle 
being  attached  to  a holder  but  the  more  widely  used  technique  makes 
use  of  the  metal  particles  in  a flow.  In  the  second  group,  ignition 
is  simple  and  combustion  is  easy  to  study.  The  analysis  of  com- 
bustion phenomena  is  done  by  cinemicrography,  freezing  the  combustion 
on  cold  plates,  spectrography , etc.  A critical  study  of  these  various 
techniques  is  presented.  The  second  part  is  a synthesis  of  the  ex- 
perimental results  showing  for  each  metal  and  in  particular  for 
aluminiun,  beryllium,  magnesium,  and  boron,  the  influence  of  various 
parameters,  e.g.,  gas  atmosphere,  pressure  and  temperature,  influence 
of  surface  conditions  on  the  metal  at  igiition,  etc.  The  nature  of 
the  deposits  is  also  discussed.  From  these  results  some  combustion 
models  are  proposed  and  are  dealt  with  in  the  third  part.  The  fourth 
part  relates  to  a study  of  combiistion  in  a heterogeneous  environment, 
particularly  when  the  metal  is  included  in  a propellant  or  in  a solid 
fuel.  The  results  are  based  on  the  study  of  the  combustion  of  a metal 
in  solid  or  hybrid  propellant  systems. 


"Burning  Tests  on  Centrifugal  Pumps  for  Liquid  (^ygen  (Ip  Bauer,  G. Klein, 
W.  Wegener,  K.  F.  Windgassen,  Herm,  Kaltetechnik-Klimatisierung,  No.  4,  1971 


Further  to  previous  experiments  new  tests  were  carried  out  in  order  to 
clarify  the  risks  of  fire  and  explosion  with  liquid  oxygen  centrifugal 
pumps.  These  tests  showed  a range,  in  which  low  pressure  p\amps  of 
aluminum  alloys  or  stainless  steel  operate  safely.  However,  the 
number  of  tests  is  not  sufficient  to  delineate  exactly  an  area  of 

danger. 
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Nihart , G.  J. , et  ai.  Union  Carbide  Corp. , 
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Oxygen,  AD608260,  71  pgs.,  October  196U. 
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OXYGEN  DIFFUSION  IN  THE  ATMOSPHERE 
FROM  LIQUID  OXYGEN  POOLS 

A.  Lapin  and  R,  H,  Foster 

Air  Products  and  Chemicals ^ Inc. 

Allen fotcUy  Pennsylvania 


INTRODUCTION 

The  ability  to  predict  atmospheric  oxygen  concentrations  near  a liquid  oxygen  pool 
fo]lo^\ing  either  an  accidi.’ntal  liquid  spill  or  a planned  disposal  action  may  supplant 
direct  measurements  in  determining  if  appropriate  action  need  be  taken  because  of 
excessive  oxygen  concentrations.  Accordingly,  this  study  was  initiated  to  acquire  perti- 
nent data  and  to  compare  tiiem  with  calculated  v^alues. 


BACKGROUND 

The  subject  of  atmospheric  dilTusion  is  closeh  related  to  the  probiein  of  oxygen 
diffusion  from  liquid  oxygen  pools.  In  general,  it  applies  to  such  cases  as  radiation  pol- 
lution, dispersion  ot  solids  in  the  atmosphere,  SO^  pollution,  etc.,  and  involves  long  dis- 
tances and  considerable  heights.  In  the  case  of  oxygen  diffusion  from  a lirpiid  oxygen 
pool,  only  a relatively  small  area  around  and  above  the  pool  is  of  direct  interest.  Such 
specific  interests  have  generally  been  considered  under  the  subject  of  micrometeorology, 
a field  which  is  concerned  with  the  fine  structure  of  atmospheric  processes,  particularly 
in  the  first  few  hundred  feet  above  the  earth’s  surface.  For  example,  Sutton  has 

applied  micrometeorology  to  the  understanding  and  evaluation  of  what  hai'jpcns  to  practical 
matters  in  air  pollution.  Definitions  of  the  terminology  used  in  meteorology,  as  well 
as  a detailed  description  of  the  major  factors  affecting  atmospheric  diffusion,  can  be 
found  in  the  literature 

There  is  a large  number  of  these  factors,  involving  complex  interrelationships. 
One  of  the  most  important  factors  is  the  wind,  which  determines  the  direction  of  move- 
ment of  a diffusing  gas  and  the  rate  ot  dispersion,  d his  rate  increases  as  the  wind  velocity 
increases.  The  velocity,  type  and  degree  of  gustmess,  degree  of  random  fluctuation,  and 
humidity  are  all  involved  in  considerations  of  wind  and  influence  the  degree  of  dispersion 
taking  place.  The  size  and  velocity  of  the  eddies  within  a wind  structure  are  themselves 
strongly  influenced  by  atmospheric  stability.  Other  important  factors  are  the  type  of 
terrain,  the  general  building  arrangement,  the  air  flow  patterns  and  the  temperature 
history  in  the  vicinity  of  the  pool.  The  list  of  factors  can  be  increased  almost  at  will. 
Some  are  of  a more  localized  nature,  such  as  cloud  cover,  small  obstacles,  local  wind 
circulation,  etc.  Others  are  more  general  in  nature,  such  as  hurricanes. 

In  addition  to  these  atmospheric  factors,  the  characteristics  of  the  sources  of  con- 
tamination are  also  important.  1 hese  may  be  grouped  in  three  classes:  point  source,  line 

555 


APCI  DOCUMENT 
Mn  9fOOO^f<i 


Compressed  Gas  Association,  Air  Separation  Plant  Safety 
Symposium,  p.  12-23,  Chicago,  Illinois,  April  23,  1969 


Moderator  Cain:  Next  on  our  program  is  a talk 
on  OXYGEN  DIFFUSION  IN  THE  ATMOSPHERE 
FROM  LIQUID  OXYGEN  POOLS. 


The  author  of  this  Is  Dr.  Abraham  Lapin,  who  is 
with  Air  Products  & Chemicals,  Inc.,  and  has  been  with 
them  since  1955,  and  is  now  the  manager  of  their 
Product  Engineering  Department.  Dr.  Lapin. 


OXYGEN  DIFFUSION  IN  THE  ATMOSPHERE 
FROM  LIQUiD  OXYGJN  POOLS 


by  A.  Lapin  & R.  H.  Foster 
Air  Products  and  Chemicals,  Inc. 


INTRODUCTION 

It  is  of  Importance  to  be  able  to  estimate  the 
oxygen  concentration  in  the  atmosphere  in  the  vicinity 
of  a liquid  oxygen  pool,  this  pool  being  the  result  of 
either  an  accidental  liquid  spill  or  a planned  disposal 
action. 

While  it  is  possible  to  measure  oxygen  concen- 
trations after  a spill  or  a dump  has  occurred,  it  is 
nevertheless  desirable  to  be  able  to  predict  these  con- 
centrations in  the  immediate  vicinity  of  the  pool. 
Knowledge  of  this  oxygen  concentration  will  allow 
appropriate  action  to  be  taken  if  this  concentration  is 
considered  excessive.  Accordingly,  this  study  was 
initiated  to  acquire  such  data  and  to  compare  them 
with  calculated  values.  These  data  were  obtained  in 
the  summer  of  1966  and  in  the  winter  of  1967  at 
Nimbus,  California. 

BACKGROUND 

The  subject  of  atmospheric  diffusion  is  closely  re- 
lated to  our  problem  of  oxygen  diffusion  from  liquid 
oxygen  pools.  In  general,  it  applies  to  such  cases  as 
radiation  pollution,  solids  dispersion  in  the  atmosphere, 
SO2  pollution,  etc.  and  involves  long  distances  and 
heights.  Our  main  area  of  interest,  in  the  case  of 
oxygen  diffusion  from  a liquid  oxygen  pool,  encom- 
passes a relatively  small  area  around  the  pool  and  only 
a few  feet  above  it.  This  is  covered  under  the  sub- 
heading of  micrometerology,  a field  which  is  concerned 
with  the  fine  structure  of  atmospheric  processes  and 
particularly  with  what  happens  in  the  first  few  hundred 
feet  above  the  earth's  surface.  Micrometerology  is 
covered  by  Sir  Graham  Sutton  (9,  10,  11)*  and  is  used 
to  understand  and  evaluate  what  happens  to  practical 
matters  in  air  pollution.  Definitions  of  the  term- 
inology used  in  meterorology  as  well  as  a detailed 


‘Numbers  in  parenthesis  refer  to  Bibliography. 


description  of  the  major  factors  affecting  atmospheric 
diffusion  can  be  found  in  the  literature  (4,  5,  6,  7,  9, 
and  10). 

The  number  of  these  factors  is  quite  large,  with 
complex  interrelationships.  One  of  the  most  important 
factors  is  the  wind.  It  determines  the  direction  of 
movement  of  a diffusing  gas  and  the  rate  of  dispersion 
which  increases  as  the  wind  velocity  increases.  The 
wind  involves  several  subfactors  such  as  velocity,  type 
and  degree  of  gustiness,  degree  of  random  fluctuation, 
and  humidity.  All  these  influence  the  degree  of  dis- 
persion taking  place.*  The  size  and  velocity  of  the 
eddies  within  a wind  structure  are  themselves  strongly 
influenced  by  atmospheric  stability.  Other  factors 
which  are  also  important  are  the  type  of  terrain,  the 
general  building  arrangement  in  the  vicinity  of  the  pool, 
the  air  flow  patterns,  and  the  temperature  history  at 
the  location  Involved.  The  list  of  factors  can  be  in- 
creased almost  at  will.  Some  are  of  a more  localized 
nature,  such  as  cloud  cover,  small  obstacles,  local  wind 
circulation,  etc.  Others  are  more  general  In  nature, 
such  as  hurricanes. 

In  addition  to  these  atmospheric  factors,  the  char- 
acteristics of  the  sources  of  contamination  are  also 
important.  These  may  grouped  in  three  classes:  point 
source,  line  source,  and  area  source,  where  the  point 
and  line  sources  have  no  area.  These  sources  are 
further  divided  into  instantaneous  and  continuous 
sources.  The  instantaneous  source  Is  essentially  a 
''puff"  of  material  which  is  created  or  rejected  in  a 
relatively  short  time.  The  continuous  source  is  that 
one  where  the  pollutant  is  continuously  rejected  into 
the  atmosphere,  such  as  at  a factory  chimney  or  a 
burning  dump.  In  all  cases,  the  atmospheric  factors  of 
immediate  importance  are  the  ones  occurring  at  the 
place  and  the  time  at  which  the  pollutant  is  created. 

In  the  case  of  continuous  sources,  there  are  important 
changes  such  as  the  diurnal  and  seasonal  cycles  which 
greatly  affect  the  type  and  amount  of  dispersion  taking 
place. 
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